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Abstract: 

It is an object of the present invention to provide an aqueous dispersion and 
CMP slurry that can achieve polishing at an adequate rate without producing 
scratches in the polishing surfaces of wafer working films, and a polishing 
process for wafer surfaces and a process for manufacture of a semiconductor 
device using them. A CMP slurry and the like of the present invention contains 
polymer particles with a crosslinked structure and a mean particle size of 
0.13-0.8 mu m. The CMP slurry may contain be no surfactant, and may contain 
the surfactant of not greater than 0.15 wt%. A CMP slurry and the like of another 
present invention contains polymer particles and inorganic p 
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articles of silica, aluminum and the like, a mean particle size of the polymer 
particles may be not greater than a mean particle size of the inorganic particles. 
And the mean particle size of the inorganic coagulated particles may be 0.1-1.0 
mu m, and may be smaller than the mean particle size of the polymer particles. 
The CMP slurry is used as a polishing agent and a working film of a silicon oxide 
film, an aluminum film, a tungsten film or a copper film formed on a wafer is 
polished. And a semiconductor device is manufactured by using the CMP slurry. 
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(54) Aqueous chemical mechanical polishing dispersion composition, wafer surface polishing 
process and manufacturing process of a semiconductor device 



(57) It is an object of the present invention to pro- 
vide an aqueous dispersion and CMP slurry that can 
achieve polishing at an adequate rate without producing 
scratches in the polishing surfaces of wafer working 
films, and a polishing process for wafer surfaces and a 
process for manufacture of a semiconductor device 
using them. A CMP slurry and the like of the present 
invention contains polymer particles with a crosslinked 
structure and a mean particle size of 0.13-0.8 Jim. The 
CMP slurry may contain be no surfactant, and may con- 
tain the surfactant of not greater than 0.15 wt%. A CMP 
slurry and the like of another present invention contains 
polymer particles and inorganic particles of silica, alu- 
minum and the like, a mean particle size of the polymer 
particles may be not greater than a mean particle size of 
the inorganic particles. And the mean particle size of the 
inorganic coagulated particles may be 0.1-1.0 Jim, and 
may be smaller than the mean particle size of the poly- 



mer particles. The CMP slurry is used as a polishing 
agent and a working film of a silicon oxide film, an alu- 
minum film, a tungsten film or a copper film formed on a 
wafer is polished. And a semiconductor device is manu- 
factured by using the CMP slurry. 
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Description 

[BACKGROUND OF THE INVENTION] 

5 [Technical Field of the Invention] 

[0001] The present invention relates to an aqueous dispersion with excellent moisture resistance, insulation prop- 
erties, antistatic properties, heat resistance, color fastness and the like, which contains polymer particles with suitable 
hardness and strength and which has a specific limited surfactant content. Another invention further relates to an aque- 
w ous dispersion composition for chemical mechanical polishing used for wafer polishing (hereunder referred to as "dis- 
persion composition" or "CMP slurry") that contains specific polymer particles, or to a CMP slurry that has a specific 
limited surfactant content, to particularly a CMP slurry for chemical mechanical polishing used for wafer polishing. 
[0002] Further, another invention relates to an aqueous dispersion containing polymer particles with a specified 
mean particle size. Further another invention relates to a CMP slurry with above-mentioned aqueous dispersion, to par- 
rs ticularly a CMP slurry which is useful for chemical machine polishing of working films. Further another invention relates 
to a polishing process comprising a step of polishing a wafer working film with above-mentioned specific CMP slurry. 
And another invention relates to a process for manufacture of a semiconductor device using the CMP slurry. 

[Prior Art] 

20 

[0003] Aqueous dispersions containing fine polymer particles are used, or are being studied for use, as electronic 
materials, polishing materials, coating materials, paints, optical materials, catalysts, photocatalysts, electronic material 
film lubricants, diagnostic agents, drugs, cosmetics, conductive materials, inks, CMP slurries and the like. However, 
conventional aqueous dispersions have presented the following problems when applied for these purposes. 

25 

(a) Because they contain impurities such as surfactants, they can result in quality reduction when applied for these 
purposes. 

(b) Because the antistatic properties, heat resistance, color fastness, and the like, of the polymer particles are not 
always adequate, their use is limited depending on the purpose. 

30 (c) Their uses are also limited because the hardness of the polymer particles is low and their strength is insufficient. 

[0004] While the use of aqueous dispersions containing inorganic particles has also been studied, inorganic parti- 
cles present problems because their hardness is too hard and particles with uniform shapes are difficult to obtain. 
[0005] The higher integration of LSIs in recent years has led to the development of a variety of different fine working 

35 techniques. For example, the minimum working dimensions for patterns are becoming smaller year by year, and at the 
current time they have already reached the submicron level. A variety of techniques such as chemical mechanical pol- 
ishing (hereunder, "CMP") have also been developed to meet the stringent demands of such fine working. CMP is an 
essential technique for planarizing of working film surfaces such as interlayer insulation films, formation of plugs, forma- 
tion of molded-in metal wiring, separation of molded-in elements, and the like. 

40 [0006] Aqueous dispersions containing abrasive particles made of metal oxides have conventionally been used as 
polishing materials in CMP. However, these abrasive particles have high hardness and have therefore presented the 
problem of creating scratches on polishing wafer surfaces. These scratches generated during the CMP process are not 
desirable because they lower the reliability of the LSI. 

[0007] Improvements in wafer integration, increased multilayer wirings, and the like have led to the introduction of 
45 CMP techniques for polishing of working films and the like. As disclosed in Japanese Laid-Open Patent Publication Nos. 
shou-62-1 02543, shou-64-55845 and hei-5-275366, Japanese Patent Public Inspection No. hei-8-510437, D Japanese 
Laid-Open Patent Publication Nos. hei-8-17831 , hei-8-197414, and hei-10-44047 and elsewhere, there is known a type 
of process whereby a wiring material such as tungsten, aluminum, copper or the like is embedded in a hole or groove 
formed in an insulating film on a processing wafer and then polishing is performed to remove the excess wiring material 
so to thereby form the wiring. 

[0008] In this CMP process, aqueous dispersions containing metal oxide abrasive particles have traditionally been 
used as polishing materials. However, these abrasive particles have high hardness and have, therefore, presented the 
problem of creating nicks on polishing wafer surfaces. These nicks generated during the CMP process are not desirable 
because they lower the reliability of the LSI. In order to prevent such nicks, Japanese Laid-Open Patent Publication No. 
55 9-285957 has proposed a polishing material having abrasive particles made of colloidal silica or the like, with the inclu- 
sion of scratch-preventing particles made of polyurethane resin or the like, having a larger size than the abrasive parti- 
cles. However, when polishing materials containing such large-sized, low hardness scratch-preventing particles are 
used, this has presented the problem of a vastly reduced polishing rate compared to polishing materials containing 
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abrasive particles made of metal oxides. 

[0009] Japanese Laid-Open Patent Publication No. 7-86216 describes a polishing material (particularly CMP 
slurry) containing abrasive particles composed mainly of an organic polymer compound or the like instead of abrasive 
particles made of a metal oxide. It is explained that using the polishing material for polishing of wafer working films can 

s prevent generation of nicks in the polishing wafer surface. However, abrasive particles made of this organic polymer 
compound have low hardness, and polishing materials composed mainly of these abrasive particles also give vastly 
lower polishing rates compared to polishing materials containing abrasive particles made of metal oxides. 
[001 0] Thus, the inventions described in these patent publications cannot achieve highly reliable high-speed polish- 
ing of working films for manufacture of semiconductor device (including various devices (wafers, device comprising 

w wafer and the like)), nor do they allow efficient manufacture of wafers. 

[Problems to be Solved by the Invention] 

[0011] It is an object of the present invention to provide an aqueous dispersion and a CMP slurry with excellent 
is moisture resistance, insulation properties, antistatic properties, heat resistance, color fastness and the like, which con- 
tains polymer particles with suitable hardness and strength, has few impurities such as surfactants, and is useful for 
such purposes as electronic materials, polishing materials, paints, drugs, inks and the like, as well as for polishing of 
magnetic disks, wafers and the like. 

[001 2] Further, it is another object of the present invention to provide a CMP slurry used for polishing of wafers, that 
20 can achieve polishing at an adequate rate without producing scratches in the polishing surfaces of wafer working films. 
It is yet another object of the present invention to provide a polishing process for wafer surfaces that comprises a step 
of polishing working films on wafers using the CMP slurry. Further, it is another object of the invention to provide a man- 
ufacturing process of a semiconductor device using the CMP slurry. 

25 [SUMMARY OF THE INVENTION] 

[0013] According to the present invention, the aforementioned objects of the invention are achieved by providing 
the following aqueous Dispersion, CMP slurry, a polishing Process for Wafer Surfaces, and a process for manufacture 
of a semiconductor device. 

30 

[I] An aqueous dispersion characterized by containing polymer particles with a crosslinked structure and a mean 
particle size of 0.13-0.8 pm 

[2] An aqueous dispersion according to Claim 1, wherein said polymer is produced by copolymerization of 5-80 
wt% of a crosslinkable monomer and 20-95 wt% of another monomer. 
35 [3] An aqueous dispersion according to Claim 2, wherein a surfactant is also contained , and said surfactant content 
is no greater than 0.15 wt%. 

[4] An aqueous dispersion according to Claim 2, wherein said polymer particles have a hydrophilic group. 
[5] An aqueous dispersion according to Claim 4, wherein said hydrophilic group is at least one from among 
hydroxy], carboxyl groups and salts thereof, acid anhydride groups, sulfonic acid groups and salts thereof, phos- 
40 phoric acid groups and salts thereof, and amino groups and salts thereof. 

[6] An aqueous dispersion according to Claim 2, wherein further an oxidizing agent and/or a polyvalent metal ion is 
also included. 

[7] An aqueous dispersion, characterized by containing polymer particles and inorganic particles, wherein a mean 
particle size of said polymer particles is not more than a mean particle size of said inorganic particles. 
45 [8] An aqueous dispersion according to Claim 7, wherein said mean particle size of said polymer particles is at least 
0.1 jim and less than 0.7 \ivn, said mean particle size of said inorganic particles is greater than 0.1 }im and no 
greater than 0.7 urn, and a ratio of said mean particle size of said polymer particles and said mean particle size of 
said inorganic particles (Sp/Si ratio) is 0.05-0.85. 

[9] An aqueous dispersion, characterized by containing polymer particles and inorganic particles, wherein the 
so mean particle size of said inorganic particles is 0.1-1.0 ym, and is smaller than the mean particle size of said pol- 
ymer particles. 

[10] An aqueous dispersion according to Claim 9, wherein a ratio of said mean particle size of said polymer parti- 
cles (Sp) and a mean particle size of said inorganic particles (Si) (Sp/Si ratio) is 1.1-20. 

[I I] A CMP slurry, characterized by containing polymer particles with a crosslinked structure and a mean particle 
55 size of 0.1 3-0.8 Jim. 

[12] A CMP slurry according to Claim 1 1 , wherein said polymer is produced by copolymerization of 5-80 wt% of a 
crosslinkable monomer and 20-95 wt% of another monomer. 

[13] A CMP slurry according to Claim 12, wherein a surfactant is further included, with the surfactant content being 
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no greater than 0. 1 5 wt%. 

[14] A CMP slurry according to Claim 13, wherein said surfactant content is no greater than 0.05 wt%. 
[15] A CMP slurry according to Claim 12, wherein said polymer particles have a hydrophilic group. 
[16] A CMP slurry according to Claim 15, wherein said hydrophilic group is at least one from among hydroxy! , car- 
5 boxyt groups and salts thereof, acid anhydride groups, sulfonic acid groups and salts thereof, phosphoric acid 
groups and salts thereof, and amino groups and salts thereof. 

[1 7] A CMP slurry according to Claim 1 2, wherein an oxidizing agent and/or a polyvalent metal ion is also included. 
[18] A CMP slurry according to Claim 14, wherein an organic acid is also included. 

[19] A CMP slurry, characterized by containing polymer particles and inorganic particles, wherein a mean particle 
10 size of said polymer particles is not more than a mean particle size of said inorganic particles. 

[20] A CMP slurry according to Claim 19, wherein said mean particle size of said polymer particles is not less than 
0.01 |xm and less than 5 ftm, and said mean particle size of said inorganic particles is greater than 0.01 |xm and not 
more than 5 pm. 

[21] A CMP slurry according to Claim 20, wherein said ratio of said mean particle size of said polymer particles (Sp) 
15 and said mean particle size of said inorganic particles (Si) (Sp/Si ratio) is 0.01-0.95. 

[22] A CMP slurry according to Claim 21 , wherein said mean particle size of said polymer particles is not less than 
0.1 urn and less than 0.7 jim, said mean particle size of said inorganic particles is greater than 0.1 urn and not more 
than 0.7 jim, and said ratio of said mean particle size of said polymer particles and said mean particle size of said 
inorganic particles (Sp/Si ratio) is 0.05-0.85. 
20 [23] A CMP slurry according to Claim 21 , wherein further an oxidizing agent and/or a polyvalent metal ion are/is 
contained. 

[24] A CMP slurry according to Claim 23, which further contains an organic acid. 

[25] A CMP slurry, characterized by containing polymer particles and inorganic particles, wherein said mean parti- 
cle size of said inorganic particles is 0.1-1.0 iim, and is smaller than said mean particle size of said polymer parti- 
25 cles. 

[26] A CMP slurry according to Claim 25, wherein said ratio of said mean particle size of said polymer particles (Sp) 
and said mean particle size of said inorganic particles (Si) (Sp/Si ratio) is 1.1-20. 

[27] A CMP slurry according to Claim 26, wherein said mean particle size of said inorganic particles is 0.15-0.4 nm, 
and said Sp/Si ratio is 1 .1 -5. 

30 [28] A CMP slurry according to Claim 26, which further contains an oxidizing agent and/or a polyvalent metal ion. 
[29] A CMP slurry according to Claim 28, which further contains an organic acid. 

[30] A polishing process for wafer surfaces characterized by using a CMP slurry that contains polymer particles with 
a crosslinked structure and a mean particle size of 0.13-0.8 joti, for polishing of a working film formed on a wafer 
surface. 

35 [31] A polishing process for wafer surfaces according to Claim 30, wherein said polymer is produced by copolym- 
erization of 5-80 wt% of a crosslinkable monomer and 20-95 wt% of another monomer. 
[32] A polishing process for wafer surfaces according to Claim 31, wherein said surfactant content is no greater 
than 0.05 wt%. 

[33] A polishing process for wafer surfaces according to Claim 31 , wherein said polymer particles have a hydrophilic 
40 group. 

[34] A polishing process for wafer surfaces according to Claim 33, wherein said hydrophilic group is at least one 
from among hydroxy), carboxyl groups and salts thereof, acid anhydride groups, sulfonic acid groups and salts 
thereof, phosphoric acid groups and salts thereof, and amino groups and salts thereof. 

[35] A polishing process for wafer surfaces according to Claim 31 , wherein said CMP slurry also contains an oxi- 
45 dizing agent and/or a polyvalent metal ion. 

[36] A polishing process for wafer surfaces according to Claim 35, wherein said CMP slurry also contains an 
organic acid. 

[37] A polishing process for wafer surfaces according to Claim 31 , wherein said working film is a silicon oxide film, 
amorphous silicon film, polycrystalline silicon film, single-crystal silicon film, silicon nitride film, pure tungsten film, 
so pure aluminum film, pure copper film, an alloy film of tungsten, aluminum or copper with another metal, or a tanta- 
lum or titanium oxide or nitride film, formed on a wafer. 

[38] A polishing process for wafer surfaces characterized by using a CMP slurry which contains polymer particles 
and inorganic particles, wherein a mean particle size of said polymer particles is not more than a mean particle size 
of said inorganic particles, for polishing of a working film formed on a wafer surface. 
55 [39] A polishing process for wafer surfaces according to Claim 38, wherein said mean particle size of said polymer 
particles is not less than 0.01 jim and less than 5 }im, and said mean particle size of said inorganic particles is 
greater than 0.01 \um and not more than 5 Jim. 

[40] A polishing process for wafer surfaces according to Claim 39, wherein said working film is a silicon oxide film, 
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amorphous silicon film, polycrystalline silicon film, single-crystal silicon film, silicon nitride film, pure tungsten film, 
pure aluminum film, pure copper film, an alloy film of tungsten, aluminum or copper with another metal, or a tanta- 
lum or titanium oxide or nitride film, formed on a wafer. 

[41] A polishing process for wafer surfaces according to Claim 39, wherein said CMP slurry further contains an oxi- 
s dizing agent and/or polyvalent metal ion. 

[42] A polishing process for wafer surfaces according to Claim 41, wherein said CMP slurry further contains an 
organic acid. 

[43] A process for manufacture of a semiconductor device characterized by manufacturing a semiconductor device 
by using a CMP slurry which contains polymer particles with a crosslinked structure and a mean particle size of 
10 0.13-0.8 ^m. 

[44] A process for manufacture of a semiconductor devicel polishing according to Claim 43, wherein a surfactant is 
further included, with the surfactant content being no greater than 0.15 wt%. 

[45] A process for manufacture of a semiconductor device characterized by manufacturing a semiconductor device 
by using a CMP slurry which contains polymer particles and inorganic particles, wherein a mean particle size of 
15 said polymer particles is not more than a mean particle size of said inorganic particles. 

[46] A process for manufacture of a semiconductor device characterized by manufacturing a semiconductor device 
by using a CMP slurry which contains polymer particles and inorganic particles, wherein said mean particle size of 
said inorganic particles is 0.1-10 urn, and is smaller than said mean particle size of said polymer particles. 

20 [Effect of the Invention] 

[0014] According to the aqueous dispersion of the present invention, it is possible to obtain aqueous dispersions 
with excellent moisture resistance, insulation properties, antistatic properties, heat resistance and color fastness, which 
contain polymer particles with suitable hardness and strength and few impurities, and which are useful for electronic 

25 materials, polishing materials, coating materials, paints, optical materials, catalysts, photocatalysts, electronic material 
film lubricants, diagnostic agents, drugs, cosmetics, conductive materials, inks and the like. 
[0015] Aqueous dispersions containing hydrophilic polymer particles according to another present invention are 
particularly useful for such purposes as electronic materials, polishing materials and the like. 
[001 6] Further, according to a aqueous dispersion of the present invention it is also possible to obtain various pol- 

30 ishing materials (particularly CMP slurry) that provide sufficient polishing rates without creating scratches on polishing 
wafer surfaces. That is, the aqueous dispersion of the present invention is particularly suitable for use as a "polishing 
material" as mentioned above. The polishing material (particularly CMP slurry) has excellent heat resistance and 
employs polymer particles with suitable hardness and strength as the abrasive grits, thus allowing polishing of magnetic 
disk plates and the like at adequate rates without creating scratches on the polishing surfaces. 

35 [0017] The polishing material (particularly CMP slurry) may be one that contains the aqueous dispersion as the 
main component. Here, "main component" means that the aqueous dispersion is present at 85 wt% or greater, and 
especially 90 wt% or greater, while the polishing material may also contain prescribed amounts of a polishing acceler- 
ator or the like. 

[001 8] The CMP slurry of the present invention may be used as polishing material for polishing of working films on 
40 wafers to provide a high polishing rate without creating nicks in the wafer polishing surfaces. According to the polishing 
process of the present invention it is possible to accomplish high quality polishing at a high polishing rate, and without 
creating nicks in wafer polishing surfaces. The polishing process, therefore, allows efficient manufacture of high-quality 
wafers. 

[0019] The present invention also makes it possible to easily avoid dishing and erosion. Dishing is a term for pol- 
45 ishing-created depressions from a given flat surface at the center section of wiring with a relatively large wiring width 
such as 100 microns which is embedded in an insulating material, where the wiring is formed by polishing a wafer by a 
metal wiring-attached damascene method, using an aqueous dispersion composition supplied during the polishing. 
Erosion refers to depressions from a given flat surface at a section of high wiring density, for example, a wiring section 
with a wiring width of 4.5 microns and an insulation width of 0.5 microns, having a 90% density at a 5 micron pitch. 
so When dishing and erosion are extensive, burn-out occurs more readily and the device yield is impaired. Minimizing 
dishing and erosion is important in chemical machine polishing techniques for damascene. 

[DETAILED DESCRIPTION OF THE INVENTION] 

55 [0020] The invention will now be explained in further detail. 
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(Polymer particles with a crosslinked structure and a aqueous dispersion containing it, and the like) 

[0021] In the present invention, the aforementioned "polymer particles" have a "crosslinked structure". They there- 
fore have higher hardness, and hence exhibit more excellent strength, than polymer particles with no crosslinked struc- 
ture. 

[0022] The "mean particle size" of the polymer particles is "0.13-0.8 urn", particularly 0.15-0.7 jim, and more pref- 
erably 0.15-0.5 jim. Aqueous dispersions containing polymer particles with a mean particle size within this range are 
stable, and because of the crosslinked structure of the polymer particles, such aqueous dispersions can be usefully 
applied for the purposes mentioned above. 

[0023] The polymer particles may also have hydrophilic groups (hereunder referred to as "hydrophilic polymer par- 
ticles"). Polymer particles with no hydrophilic groups (hereunder referred to as "hydrophobic polymer particles") have 
excellent moisture resistance, insulating properties heat resistance and color fastness and suitable hardness and 
strength, while hydrophilic polymer particles have excellent antistatic properties, heat resistance and color fastness, 
with suitable hardness and strength as well. Hydrophilic polymer particles also have excellent compatibility with polar 
group-containing compounds, so that more stable aqueous dispersions can be provided. 

[0024] Hydrophilic polymer particles can be formed by introducing a hydrophilic group, such as a hydroxy! group, a 
carboxyl group or a salt thereof, an acid anhydride group, a sulfonic acid group or a salt thereof, a phosphoric acid group 
or a salt thereof or an amino group or a salt thereof, into the polymer constituent of the particles, at 0.1 mi Hi mole or 
greater and especially 1-100 millimoles, to 100 g of the polymer. 

[0025] Such polymer particles having a crosslinked structure can be obtained by copolymerization of a cross! inka- 
ble monomer with another monomer. For the copolymerization, the crosslinkable monomer is used at 5-80 wt%, espe- 
cially 5-60 wt% and more preferably 7-60 wt%. The other monomer is used at 20-95 wt%, especially 40-95 wt% and 
more preferably 40-93 wt%. if the crosslinkable monomer is used at less than 5 wt% it will not be possible to obtain pol- 
ymer particles with sufficient hardness, while an excess of 80 wt% is not preferred because the polymer particles will 
be fragile despite high hardness. Such polymer particles with a crosslinked structure can also be converted to 
hydrophilic polymer particles by introduction of a hydrophilic group into the polymer. 

(Crosslinkable monomer and other monomer) 

[0026] As crosslinkable monomers there may be used compounds with 2 or more polymerizable double bonds, 
including divinyl aromatic compounds such as divinylbenzene, and the like., or polyvalent acrylate compounds such as 
ethyleneglycol dimethacrylate, trimethylolpropane trimethacrylate, ethyl eneglycol diacrylate, trimethylolpropane triacr- 
yiate, and the like. 

[0027] The following may be mentioned as polyvalent acrylate polymers. 

(1) Diacrylate compounds: polyethyleneglycol diacrylate, 1,3-butyleneglycol diacrylate, 1 ,6-hexaneglycol diacr- 
ylate, neopentylglycol diacrylate, polypropyleneglycol diacrylate, 2 l 2 , -bis(4-acryloxypropyloxyphenyl)propane, 2,2'- 
bis(4-acryloxydiethoxypheny1)propane, and the like.; 

(2) Triacrylate compounds: trimethylolpropane triacrylate, trimethylolethane triacryiate, tetramethylolmethane tria- 
cryiate, and the like.; 

(3) Tetraacrylate compounds: tetramethylolmethane tetraacrylate, and the like.; 

(4) Dimethacrylate compounds: ethyleneglycol dimethacrylate, diethyieneglycol dimethacrylate, triethyleneglycol 
dimethacrylate, polyethyleneglycol dimethacrylate, 1,3-butyleneglycol dimethacrylate, 1 ,4-butyleneglycol dimeth- 
acrylate, 1 ,6-hexaneglycol dimethacrylate, neopentylglycol dimethacrylate, dipropyleneglycol dimethacrylate, poly- 
propyleneglycol dimethacrylate, 2,2 , -bis(4-methacryloxydiethoxyphenyl) propane, and the like. 

(5) Trimethacrylate compounds: trimethylolpropane trimethacrylate, trimethylolethane trimethacrylate, and the 
like.; 

[0028] And divinylbenzene, ethyleneglycol dimethacrylate and trimethylolpropane trimethacrylate are preferred 
among these crosslinkable monomers, and divinylbenzene is particularly preferred. These crosslinkable monomers 
may be used alone or in combinations of two or more. 

[0029] The following may be mentioned as other monomers to be copolymerized with the crosslinkable monomer. 

(1) Aromatic vinyl compounds: styrene, a-methylstyrene, p-methylstyrene, vinylxylene, monochlorstyrene, 
dichlorstyrene, monobromostyrene, dibromostyrene, fluorstyrene, p-tert-butylstyrene, ethylstyrene, vinylnaphtha- 
lene, and the like.; 

(2) Unsaturated carboxylic acid compounds: maleic acid, fumaric acid, itaconic acid, acrylic acid, methacrylic acid, 
crotonic acid, and the like.; 
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(3) Unsaturated dicarboxylic anhydrides: maleic anhydride, rtaconic anhydride, and the like.; 

(4) Vinyl cyanide compounds: acrylonitrile, methacrylonitrile, and the like.; 

(5) Acrylic acid esters: methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, amyl acrylate, hexyl acrylate, 
octyl acrylate, 2-ethylhexyl acrylate, cyclohexyl acrylate, dodecyl acrylate, octadecyl acrylate, phenyl acrylate, ben- 

5 zyl acrylate, and the like. ; 

(6) Methacrylic acid esters: methyl methacrylate, ethyl methacrylate, propyl methacrylate, butyl methacrylate, amyl 
methacrylate, hexyl methacrylate, octyl methacrylate, 2-ethylhexyl methacrylate, cyclohexyl methacrylate, dodecyl 
methacrylate, octadecyl methacrylate, phenyl methacrylate, benzyl methacrylate, and the like.; 

(7) Unsaturated carboxylic amides: acrylamide, methacrylamide, and the like.; 
10 (8) Conjugated diolefin compounds: butadiene, isoprene, and the like. 

[0030] These other monomers may be used alone or in combinations of two or more. Also, two or more crosslink- 
able monomers may be copolymerized in combination with two or more other monomers. 

[0031] There are no particular restrictions on the method of copolymerizing the crosslinkable monomer with the 
15 other monomer. For example, a polymer with a crosslinked structure may be obtained by copolymerization by any of 
various methods including solution polymerization, emulsion polymerization, suspension polymerization, and the like. 
The polymerization temperature, polymerization time and other polymerization conditions may be appropriately deter- 
mined depending on the type of monomer used for copolymerization and its properties, such as the necessary molec- 
ular weight, and the like. The crosslinkable monomer may also be polymerized by being supplied at the start of 
20 polymerization, or it may be polymerized by being supplied at a stage in which the other monomer has already been 
polymerized to some extent. 

[0032] The crosslinkable monomer used for the copolymerization is preferably present at 5-80 wt%, especially 5- 
60 wt% and more preferably 7-60 wt% of the total monomers. If the crosslinkable monomer is present at less than 5 
wt% the resulting copolymer will not have sufficiently high hardness, while if the monomer is in excess of 80 wt% the 

25 copolymer will be fragile despite high hardness, and this is not a favorable condition for abrasive particles. 

[0033] The copolymer with the crosslinked structure may be a random copolymer, graft copolymer or block copoly- 
mer. There is no limitation to copolymers of the crosslinkable monomer and the other monomer, as the crosslinkable 
monomer may be graft polymerized onto the surface or in the interior of polymer particles with no crosslinked structure, 
or graft copolymerization may be carried out with the crosslinkable monomer and the other monomer, to make polymer 

30 particles with a crosslinked structure. Particularly suitable for abrasive particles are polymer particles prepared by graft 
polymerization of the crosslinkable monomer onto polymer particles with a non-crosslinked structure, or graft copolym- 
erization with the crosslinkable monomer and the other monomer, to form a crosslinked structure mainly on the surface 
thereof. 

[0034] It is preferred to use spherical polymer particles. "Spherical" means roughly spherical with no acute angle 

35 portions, and not necessarily perfectly spherical. 

[0035] Using spherical abrasive particles prevents, or at least minimizes, creation of scratches in polishing surfaces 
or surface roughening of polishing surfaces during polishing. The mean particle size of the polymer particles is 0.01-2.0 
|im, especially 0.05-1 .5 urn and more preferably 0.1-1.0 jim. If the mean particle size is too small or too large, the sta- 
bility and polishing rate of the aqueous dispersion will be reduced. The mean particle size of the polymer particles is 

40 preferably 0. 13-0.8 jim, since a mean particle size within this range can provide an aqueous dispersion with long term 
stability and a sufficient polishing rate. 

[0036] The mean particle size can be measured by observation of the polymer particles with a transmission elec- 
tron microscope, and it is preferably in the range of 0.15-0.6 pm, and especially 0.15-0.5 jim. By including in the aque- 
ous dispersion polymer particles with this specific mean particle size obtained by copolymerization of the specified 
45 monomers, it is possible to prepare a high-performance CMP slurry for polishing of wafers. 

[0037] It is normally preferred for the polymer particles to be contained in the aqueous dispersion or the CMP slurry 
at 0.1-30 wt%, especially 0.2-20 wt%, and more preferably 1 -15 wt%. If the polymer particle content is less than 0.1 wt% 
sufficient polishing performance will not be achieved, and at greater than 30 wt% the stability of the aqueous dispersion 
will be reduced. 

50 [0038] The aqueous dispersion may also contain only hydrophobic polymer particles or hydrophilic polymer parti- 
cles, or it may contain these polymer particles in suitable content ratios. 

(Manufacturing process for polymer particles) 

55 [0039] The process for production of the polymer particles is not particularly restricted, and it may be a process 
whereby an aqueous medium or organic solvent is used for polymerization, after which the resulting polymer is pulver- 
ized and sorted to the prescribed particle size, or a process whereby the monomer is finely dispersed in an aqueous 
medium during polymerization to make polymer particles with the prescribed particle size. When a surfactant is used 
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during the polymerization, it is preferred for the resulting polymer particles to be washed with water and/or an organic 
solvent to minimize as little as possible the amount of residual surfactant in the polymer particles. 
[0040] Further, the simplest process for production of the aqueous dispersion containing the polymer particles is 
one wherein an aqueous medium is used to prepare polymer particles with the prescribed particle size and this is 
directly used as the aqueous dispersion. By this process, however, it is not possible to eliminate the surfactant from the 
polymer particles. Consequently, when this process is employed it is necessary to reduce the amount of surfactant used 
for production of the polymer particles. However, after the produced polymer particles have been separated from the 
aqueous medium they can be redispersed in another medium to make an aqueous dispersion, and the surfactant 
thereby eliminated from the polymer particles. 

[0041 ] After the aqueous medium or organic solvent has been used for copolymerization followed by drying, pulver- 
ization, and the like., the resulting powder may be redispersed in an aqueous medium to make an aqueous dispersion. 
[0042] Even when an organic solvent is used for the polymerization, so long as the resulting polymer is in particle 
form the organic solvent can be removed by distillation or the like and replaced with water or an aqueous medium to 
easily prepare an aqueous dispersion. The aqueous medium used may be water or a mixture of water and methanol, 
and the like., but water alone is preferred. 

(Surfactant) 

[0043] According to the present invention, a surfactant may be added for more even dispersion of the particles, par- 
ticularly the polymer particles, in the aqueous dispersion or the CMP slurry. The surfactant content may be 0.15 wt% or 
lower, preferably 0.1 wt% or lower, and more preferably 0.05 wt% or lower, with 0.01 wt% or lower being especially pre- 
ferred. The surfactant is used in the step of production of the aqueous dispersion containing the polymer particles and 
will remain as an impurity in the polymer particles or the water or aqueous medium, and therefore a lower initial content 
can give an aqueous dispersion containing polymer particles with more excellent heat resistance, antistatic properties, 
color fastness, and the like. 

[0044] Further, the surfactant included in the aqueous dispersion or CMP slurry is not greater than 0.05 part by 
weight and preferably not greater than 0.03 part by weight, with respect to 100 parts by weight of the polymer particles. 
It is more preferably not greater than 0.01 part by weight, and especially not greater than 0.025 part by weight. Such a 
composition will exhibit even better heat resistance, antistatic properties, color fastness, and the like. 
[0045] By thus limiting the surfactant content to a small amount, it is possible to maintain the polishing performance 
while obtaining particles with excellent dispersability, so that faster polishing can be achieved without creating scratches 
in the polishing surfaces. 

[0046] The surfactant used may be a cationic surfactant, anionic surfactant or nonionic surfactant. As cationic sur- 
factants there may be mentioned aliphatic amines, aliphatic ammonium salts and the like. As anionic surfactants there 
may be mentioned carboxylic acid salts such as fatty acid soaps, alkylether carboxylic acid salts and the like; sulfonic 
acid salts such as alkylbenzenesulfonic acid salts, alkylnaphthalenesurfonic acid salts, a-olef insurfonic acid salts and 
the like; sulfonic acid ester salts such as higher alcohol sulfonic acid ester salts, alkylether sulfonic acid salts, polyox- 
yethylene alkylphenylethers and the like; phosphoric acid ester salts such as alkylphosphoric acid esters, and the like. 
As nonionic surfactants there may be mentioned ethers such as polyoxyethylene alkyl ethers; ether esters such as poly- 
oxyethylene ethers of glycerin esters; and esters such as polyethyleneglypol fatty acid esters, glycerin esters, sorbitan 
esters, and the like. 

(polymer particle and inorganic particle, and aqueous dispersion and CMP slurry containing them) 

[0047] The aqueous dispersion or CMP slurry according to another present invention contains polymer particles 
and inorganic particles. 

[0048] The "polymer particles" referred to above may be polymer particles composed of a thermoplastic resin, such 
as a polyvinyl chloride, polystyrene and styrene-based copolymer, a polyolef in such as polyacetal, saturated polyester, 
polyamide, polyimide, polycarbonate, polyethylene, polypropylene, poly-1-butene, poly-4-methyl-1-pentene or the like 
or an olefin copolymer, a phenoxy resin, a (meth)acrylic resin such as polymethyl methacrylate or an acrylic based 
copolymer. 

[0049] The polymer particles used may also be composed of polymers with a crosslinked structure, obtained by 
copolymerization of styrene, methyl methacrylate or the like with divinylbenzene, ethyleneglycol dimethacrylate or the 
like. Further, the polymer particles used may also be composed of polymers with no crosslinked structure The polymer 
particles used may also be made of a thermosetting resin such as phenol resin, urethane resin, urea resin, melamine 
resin, epoxy resin, alkyd resin or unsaturated polyester resin. 

[0050] Copolymers with hydrophilic functional groups as structural units, such as styrene-methacrylic acid copoly- 
mers or styrene-maleic anhydride copolymers, have excellent dispersability in water and are therefore preferred to facil- 
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itate preparation of the aqueous dispersion composition. Also, polyethylene, polypropylene, polystyrene or the like may 
be surface treated with oxygen plasma or the like to produce hydrophilic functional groups to improve the dispersion in 
water, for easier preparation of the aqueous dispersion composition. 

[0051 ] The polymer particles functioning as an abrasive preferably have a globular shape. A globular shape means 
5 having a roughly globular shape with no acute angle sections, but it does not necessarily need to be nearly spherical. 
By using globular polymer particles it is possible to achieve polishing at a sufficient rate, while avoiding nicks in the pol- 
ishing wafer surface during polishing. 

[0052] The polymer particles used may be of a single type, or a combination of two or more types. 
[0053] The "inorganic particles" mentioned above may be inorganic particles made of a metal oxide such as silica, 
10 alumina, titania, zirconia, ceria, iron oxide or manganese oxide. The inorganic particles used may be of a single type, 
or a combination of two or more types. 

[0054] According to the present invention, a mean particle size of the polymer particles is not more than a mean 
particle size of the inorganic particles. 

[0055] According to the present invention, the mean particle size of the polymer particles is preferably at least 0.01 

15 jxm and less than 5 pm, and the mean particle size of the inorganic particles is preferably greater than 0.01 |xm and not 
greater than 5 urn. If these respective mean particle sizes are less than 0.01 \ur\ or not greater than 0.01 urn, it may not 
be possible to obtain an aqueous dispersion composition with a sufficiently high polishing rate. On the other hand, if the 
respective mean particle sizes are not less than 5 \im or greater than 5 \in\, the particles will tend to subside as sedi- 
ment and separate out, thus hampering efforts to make a stable aqueous dispersion composition. The mean particle 

20 size of the polymer particles is especially preferred to be at least 0.05 jim and less than 1 .0 jim, and more preferably at 
least 0.1 pm and less than 0.7 jim. The mean particle size of the inorganic particles is especially preferred to be greater 
than 0.05 jim and not greater than 1 .0 }im, and more preferably greater than 0.1 jim and not greater than 0.7 jim. If the 
particle sizes are within these ranges, it will be possible to obtain an aqueous dispersion composition with a high pol- 
ishing speed and no sedimentation or separation of the particles. The mean particle size can be measured by observa- 

25 tion with a transmission electron microscope. 

[0056] Here, the "mean particle size" is the size as present in water. Inorganic particles synthesized by a gas phase 
reaction method have a small primary particle size, and they often aggregate into secondary particles that disperse in 
the water. In such cases, the average size of the secondary particles is the mean particle size. The mean particle size 
can be measured by observation with a transmission electron microscope or by the dynamic light scattering method or 

30 laser diffractometry. 

[0057] According to the present invention, the Sp/Si ratio is preferably 0.01-0.95, more preferably 0.05-0.9, and 
even more preferably 0.05-0.85. When the ratio of the mean particle sizes of the polymer particles and inorganic parti- 
cles is within this range, it is possible to obtain an aqueous dispersion composition with a high polishing rate that avoids 
creating nicks in polishing wafer surfaces. If the Sp/Si ratio is less than 0.01 , nicks may be created in the polishing wafer 
35 surfaces. If the Sp/Si ratio exceeds 1 , i.e. if the mean particle size of the polymer particles exceeds the mean particle 
size of the inorganic particles, the polishing rate tends to be particularly low. This tendency is particularly notable when 
the Sp/Si ratio is less than 1 and Si is less than 0.1 jim. 

[0058] Further, the aqueous dispersion, the CMP slurry or particularly the CMP slurry used for wafer polishing and 
the like according to another present invention contains polymer particles and inorganic particles, wherein the mean 

40 particle size of the inorganic particles is 0.1-1 .0 fim, and is smaller than the mean particle size of the polymer particles. 
[0059] For the present invention, the mean particle size of the inorganic particles is preferably 0.12-0.8 \xm, more 
preferably 0.12-0.5 jim, and even more preferably 0.15-0.4 If the mean particle size is less than 0.1 jim it may not 
be possible to obtain an aqueous dispersion composition with a sufficient polishing rate. On the other hand, rf the mean 
particle size exceeds 1 .0 ^m the particles will tend to subside as sediment and separate out, thus hampering efforts to 

45 make a stable aqueous dispersion composition. The mean particle size may be measured by observation with a trans- 
mission electron microscope, as explained above. 

[0060] According to the present invention, the mean particle size of the inorganic particles is less than the mean 
particle size of the polymer particles, and the Sp/Si ratio is preferably 1 . 1 -20, more preferably 1.1-15, even more pref- 
erably 1 . 1 -1 0 and especially 1.1-5. If the ratio of the mean particle sizes of the polymer particles and inorganic particles 
so is within this range, it is possible to obtain an aqueous dispersion composition with a high polishing rate that avoids cre- 
ating nicks in polishing wafer surfaces. A Sp/Si ratio of greater than 20 is not preferred because this tends to lower the 
polishing rate. 

[0061] According to each above-mentioned invention, the hardness of the polymer particles is more preferably 
selected as appropriate depending on the hardness of the working film. For example, in the case of working films made 
55 of aluminum or the like having low hardness, it is preferred to use an aqueous dispersion composition containing poly- 
mer particles with a relatively low hardness. On the other hand, in the case of working films of high hardness such as 
tungsten, it is preferred to use an aqueous dispersion composition containing polymer particles with a high degree of 
crosslinking. 
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[0062] The content of the polymer particles and inorganic particles may be 0. 1 -30 parts by weight each to 1 00 parts 
by weight of the aqueous dispersion composition, with 0.5-20 parts by weight and especially 0.5-15 parts by weight 
being preferred. The total amount of the polymer particles and inorganic particles may be 0.2*31 parts by weight, espe- 
cially 0.5-25 parts by weight, and more preferably 1 .0-20 parts by weight. The respective contents of the polymer par- 

5 tides and inorganic particles or their total are preferably not less than the minimums given above, since this will not give 
an aqueous dispersion composition with a sufficient polishing rate. On the other hand, they are preferably not included 
in excess of the aforementioned maximums, since this will reduce the stability of the aqueous dispersion composition. 
[0063] The method for producing aqueous dispersion composition containing the polymer particles is most conven- 
iently a method whereby an aqueous medium is used for polymerization of a prescribed monomer, or for copolymeriza- 

10 tion with other monomers if necessary, and the aqueous medium containing the resulting polymer particles is directly 
used as the aqueous dispersion composition. The aqueous dispersion composition may also be prepared by a method 
whereby an aqueous medium or organic solvent is used for polymerization followed by drying, pulverization, and the 
like., after which the resulting powder is redispersed in the aqueous medium. Even when an organic solvent has been 
used for polymerization, an aqueous dispersion composition can be easily produced by solvent substitution with an 

15 aqueous medium by distillation or the like, if a particular polymer is to be produced. 

[0064] The aqueous dispersion containing the inorganic particles can also be produced by a method such as 
described in the specification of Japanese Patent Application No. hei-9-214035 or No. hei-9-238969. For example, it 
may be produced by a method whereby the inorganic particles are added to distilled water while stirring and kneading 
with a kneader, and after completing the addition, the kneading procedure and dispersing procedure are continued and 

20 the resulting slurry is diluted with ion-exchange water or the like, and if necessary, the coarse particles are subsequently 
removed. 

[0065] The aqueous dispersion of the present invention can be prepared by producing an aqueous dispersion con- 
taining the polymer particles, and then adding the inorganic particles to this aqueous dispersion. It can also be prepared 
by producing an aqueous dispersion containing the inorganic particles, and then adding the polymer particles to the 
25 aqueous dispersion. Alternatively, it may be prepared by mixing an aqueous dispersion containing the polymer particles 
and an aqueous dispersion containing the inorganic particles, and this preparation method is preferred for its conven- 
ience. The medium used for the aqueous dispersion may be water, or a mixed medium of water and methanol, for exam- 
ple, with water as the main component, but water alone is particularly preferred. 

30 (Aqueous dispersion, various additive of CMP slurry and wafer surface polishing process) 

[0066] According to the present invention, the aqueous dispersion or CMP slurry may also contain, if necessary, 
various other additives (for example, oxidizing agents, polyvalent metal ion, organic acids, surfactants, pH regulators, 
and the like.) in addition to the surfactant. Such addition can increase the polishing rate, stabilize the oxidizing agent, 
35 and adjust for differences in the polishing rate when polishing films of different hardness, as in cases where two or more 
working films are polished. 

[0067] Inclusion of potassium hydroxide or ammonia allows polishing of insulating films, and inclusion of tungsten, 
aluminum, copper and the like allows polishing of metal films. The composition (particularly a CMP slurry) can also be 
used in combination with another composition (especially a CMP slurry) in an appropriate weight ratio. 

40 

(Oxidizing agent) 

[0068] The "oxidizing agent" used is not particularly restricted so long as it is water-soluble, and it is preferably 
selected as appropriate depending on the electrochemical properties of the metal layer of the film target and the like of 

45 the wafer, based on a Pourbaix diagram, for example. 

[0069] As specific oxidizing agents there may be mentioned organic peroxides such as hydrogen peroxide, perace- 
tic acid, perbenzoic acid, tert-butylhydroperoxide, and the like.; permanganate compounds such as potassium perman- 
ganate, and the like.; bichromate compounds such as potassium bichromate, and the like.; halogenate compounds 
such as potassium iodate, and the like.; nitric compounds such as nitric acid, iron nitrate, and the like.; perhalogenate 

so compounds such as perchloric acid, and the like.; transition metal salts such as potassium ferricyanide, and the like.; 
persulfuric compounds such as ammonium persulfate, and the like.; polyvalent metal salts such as iron nitrate, cerium 
ammonium nitrate, and the like.; and heteropoly acids such as silicotungstic acid, phosphotungstic acid, silicomolybdic 
acid, phosphomolybdic acid, and the like. Two or more of these may also be used in combination. Among these, hydro- 
gen peroxide and organic peroxides are particularly preferred because they contain no metal elements and their 

55 decomposition products are harmless. By including such oxidizing agents it is possible to vastly increase the polishing 
rate for polishing of metal layers, and particularly of target films of semiconductor devices. 

[0070] The oxidizing agent content may be 0.1-15 parts by weight, and is particularly preferred to be 0.3-10 parts 
by weight and especially 0.5-8 parts by weight, with respect to 100 parts by weight of the aqueous dispersion. When 
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this content is less than 0.1 part, the polishing rate of the aqueous dispersion will not be adequately enhanced, while, 
when it is included at greater than 15 parts by weight, it is possible to adequately increase the polishing rate and it is 
not necessary to be preferably included in large quantities such as greater than 15 parts by weight. 

s (Polyvalent metal ion) 

[0071] A polyvalent metal ion may also be added. As polyvalent metal ions there may be mentioned metal ions of 
aluminum, titanium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, germanium, zirconium, molyb- 
denum, tin, antimony, tantalum, tungsten, lead and cerium. One single species may be used, or two or more polyvalent 

10 metal ions may be used together. Particularly preferred as polyvalent metal ions are one or more metal ions of alumi- 
num, titanium, chromium, manganese, iron, copper, zinc, tin and cerium, because they allow an even higher polishing 
rate. And among them, iron ion or copper ion is particularly preferred. Further, the metal salt comprising the polyvalent 
metal ion is one or more from among nitric acid salts, sulfuric acid salts, acetic acid salts and gluconic acid salts of alu- 
minum, nitric acid salts, sulfuric acid salts, acetic acid salts and gluconic acid salts of iron (III), and nitric acid salts, sul- 

75 furic acid salts, acetic acid salts and gluconic acid salts of copper (II). And these nitric acid salts of iron (III), and the like 
are act as an oxidizing agent, too. 

[0072] The polyvalent metal ion content in the aqueous dispersion is preferably 3-3000 ppm. The content is more 
preferably 10-2000 ppm, and especially 30-1000 ppm. The polyvalent metal ion has an effect of promoting the function 
of the oxidizing agent, and When the content of the polyvalent metal ion is less than 3 ppm, the promoting effect will be 
20 insufficient and the polishing rate will not be adequately increased. It is also not preferred for the polyvalent metal ion 
to be added at greater than 3000 ppm because the film targets of semiconductor devices will be contaminated by the 
metal ion. 

[0073] The polyvalent metal ion can be produced by adding to the aqueous medium a salt or complex, such as a 
sulfate or acetate salt, containing a polyvalent metal element, or it may be produced by adding an oxide of a polyvalent 
25 metal element. Even a compound that produces a monovalent metal ion when added to the aqueous medium may be 
used, so long as the ion is converted to a polyvalent metal ion by the oxidizing agent. 

(Organic acid) 

30 [0074] The "organic acid" can further improve the polishing rate. As organic acids there may be mentioned para- 
toluenesulfonic acid, dodecylbenzenesuifonic acid, isoprenesulfonic acid, gluconic acid, lactic acid, citric acid, tartaric 
acid, malic acid, glycolic acid, malonic acid, formic acid, oxalic acid, succinic acid, fumaric acid, maleic acid and phthaiic 
acid. Among these, gluconic acid, lactic acid, citric acid, tartaric acid, malic acid, glycolic acid, malonic acid, formic acid, 
oxalic acid, succinic acid, fumaric acid, maleic acid and phthaiic acid are preferred. Among these, tartaric acid, malic 

35 acid, succinic acid and phthaiic acid are particularly preferred. These organic acids may be used alone or in combina- 
tions of two or more. As inorganic acids there may be mentioned nitric acid, hydrochloric acid and sulfuric acid, and 
these inorganic acids may also be used alone or in combinations of two or more. Combinations of organic acids and 
inorganic acids may also be used. These acids can be used at 0.1 -1 0 parts by weight and especially 1 -8 parts by weight 
to 1 00 parts by weight of the aqueous dispersion composition. An acid content in the range of 0.1-10 parts by weight is 

40 preferred to give an aqueous dispersion composition with excellent dispersability and sufficient stability, as well as min- 
imal etching and an increased polishing rate. 

(pH Adjustment) 

45 [0075] According to the present invention, addition of an alkali metal hydroxide, ammonia, an inorganic alkali salt, 
an inorganic acid or an organic acid for adjustment of the pH can improve the dispersability and stability of the aqueous 
dispersion composition. Ammonia, inorganic alkali salts and inorganic acids are particularly preferred. 
[0076] As alkali metal hydroxides there may be used sodium hydroxide, potassium hydroxide, rubidium hydroxide, 
cesium hydroxide and the like. Sodium hydroxide and potassium hydroxide are particularly preferred among these. As 

so inorganic acids there may be used nitric acid, sulfuric acid phosphoric acid or the like, and as organic acids there may 
be used formic acid, acetic acid, oxalic acid, malonic acid, succinic acid, benzoic acid or the like. Nitric acid and sulfuric 
acid are commonly used. Adjustment of the pH of the aqueous dispersion composition can improve the dispersability 
while also increasing the polishing rate, and the pH is preferably determined as appropriate in consideration of the elec- 
trochemical properties of the working surface, the dispersability and stability of the polymer particles and the polishing 

55 rate. 
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(Chemical Mechanical Polishing) 

[0077] The working film subjected to chemical mechanical polishing according to the present invention may be a 
silicon oxide film, amorphous silicon film, polycrystalline silicon film, single-crystal silicon film, silicon nitride film, pure 
5 tungsten film, pure aluminum film or pure copper film, or an alloy film of tungsten, aluminum or copper with another 
metal, formed on a wafer during manufacture of a semiconductor device such as a VLSI or the like. The working film 
may also be an oxide or nitride film of a metal such as tantalum or titanium. 

[0078] When the polishing surface of the working film on the wafer is a metal, the polishing rate can be vastly 
improved by adding an oxidizing agent to the aqueous dispersion composition. The oxidizing agent used may be appro- 
ve priately selected by a Pourbaix diagram, for example, based on the electrochemical properties of the working surface. 
[0079] The polymer particles contained in the aqueous dispersion used for chemical mechanical polishing of work- 
ing films on wafers are preferably selected as appropriate depending on the hardness of the working film. For example, 
in the case of working films made of aluminum or the like having low hardness, it is preferred to use an aqueous disper- 
sion containing polymer particles with a relatively low hardness. On the other hand, in the case of working films of high 
15 hardness such as tungsten, it is necessary to use an aqueous dispersion containing polymer particles of relatively high 
hardness provided by a high degree of crosslinking. 

[0080] The chemical mechanical polishing of the working film on the wafer using the aqueous dispersion composi- 
tion of the present invention can be accomplished with a commercially available chemical mechanical polishing device 
(such as Model "LGP510" or "LGP552" by Lapmaster SFT CO., LTD.), which has been used in conventional methods 

20 employing metal oxide particles as abrasive particles. 

[0081] After the polishing, it is preferred to remove the residual polymer particles remaining on the polishing sur- 
face. The particle removal can be accomplished by a common washing method, and the polishing surface can be 
heated at high temperature in the presence of oxygen to burn the polymer particles for their removal. As specific meth- 
ods for burning there may be mentioned exposure to oxygen plasma, or ashing treatment with plasma whereby oxygen 

25 radicals are supplied in a downf low; these allow the residual polymer particles to be easily removed from the polishing 
surface. 

(Process for manufacture of a semiconductor device) 

30 [0082] The manufacturing process of the present invention is a process for manufacture of a semiconductor device 
using the above prescribed CMP slurry. Here, "semiconductor device" is used in a wide sense to include polished 
wafers, various devices provided with or bearing such wafers, and various device provided with plates manufactured 
from such wafers (i.e., devices on which such plates are mounted). 

35 [Preferred Mode of the Invention] 

[0083] The present invention will now be explained in further detail by way of examples. Throughout the examples, 
"parts" will represent "parts by weight", unless otherwise specified. The mean particle sizes of the polymer particles 
were determined by measuring the particle sizes of 200 polymer particles with a transmission electron microscope and 
40 taking the averages. 

[I] In case of using polymer particles with a crosslinked structure 

[0084] Table 1 shows a summary of the test results for the examples and comparative examples described below. 

45 

(1) Production of aqueous dispersion 
Example 1A 

so [0085] After loading 576 parts of distilled water, 0.5 part of a nonionic surfactant (trade name "Triton X-1 00", product 
of Rohm and Haas Corp.) and 1.0 part of 2,2'-azobis(2-methylpropionitrile) (trade name "V-60", product of Wako Jun- 
yaku, CO..LTD.) in a 4-necked polymerization flask, the mixture was stirred for 1 0 minutes to complete dissolution. Addi- 
tion of 100 parts of styrene was then followed by 5 minutes of stirring while purging the flask with nitrogen gas. 
[0086] Reaction was then carried out at 70°C for 1 2 hours, and after cooling to room temperature, the solution was 

55 filtered and the aggregates were removed to obtain an aqueous dispersion containing styrene polymer particles. The 
total solid portion of the aqueous dispersion was 14.2%. After then loading 70 parts of the aqueous dispersion, 929 
parts of distilled water and 1.0 part of ammonium persulfate into a flask, the mixture was stirred for 10 minutes to dis- 
solve the ammonium persulfate. Next, 90 parts of styrene and 10 parts of 55% purity divinylbenzene (with the remain- 
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der ethylvinyibenzene) were added, and stirring was continued for 5 minutes while purging 



Table 1 



Example/ 
Comp.Ex. No. 


Polymer etc. 


Surfactant 
concentration (wt%) 


Particle size 
(Mm) 


Polishing rate 
(A/min) 


Scratches (no.) 


Ex.1 A 


ST/DVB 


Nonion 
(0.005) 


0.35 


710 (W) 


None 


Ex.2A 


ST/MA/DVB 


Anion (0.1) 


0.35 


630 (W) 


None 


Ex.3A 


ST/MA/DVB- 
MMA/MA 


Anion (0.1) 


0.35 


510 (W) 


None 


Comp.Ex.1A 


ST/MA/MMA 


Anion (0.1) 


0.35 


22 (W) 


None 


Hnmn Py ?A 


ST/MA/DVR 


Anion (O 0\ 
rMllUil yL.C.) 


n ns 


ft AAA 


Mama 


LAJJ. 1 LJ 


STYDVR 

O 1 (UVD 


INUI IIUil 

(0.005) 


u.oo 


IOUU ^INIj 


None 


Exp.2B 
(Comparative) 


Colloidal Silica 


None 


0.02 


1280 (Ni) : 


Presence 


Exp.3B 
(Comparative) 


Colloidal Silica 


None 


0.19 


1450 (Ni) 


Presence 


Ex.2C 


ST/DVB 


Nonion 
(0.005) 


0.35 


900 (W) 


None 


fV^mn Pv 

vAJI 1 1|J. CA,£V/ 


O 1 


Mnion ^U.U14J 


a qq 
u.oy 


CftA AAA 


in one 


Comp.Ex.4C 


ST/MA 


Anion (0.2) 


0.283 


40 (W) 


None 


Comp.Ex.6C 


Silica (fumed 
method) 


None 


0.23 


1800 AAA 




Comp.Ex.8C 


Alumina 
(fumed method) 


None 


0.16 


2300 (W) 


2083 


Ex.4C 


MMA/DVB 
(with amino 
group) 


Cation 
(0.001) 


0.38 


5900 (Cu) 


600 A (Dishing) 
550 A (Erosion) 


Comp.Ex.9C 


Silica 


None 


0.23 


2900 (Cu) 


1900 A (Dishing) 
2200 A (Erosion) 



the flask with nitrogen gas. Reaction was then carried out at 70°C for 1 2 hours, and after cooling to room temperature, 
the mixture was filtered and the aggregates were removed to obtain an aqueous dispersion containing spherical poly- 
mer particles composed of styrene/divinylbenzene copolymer. The total solid portion of the aqueous dispersion was 9.6 
wt%, and the mean particle size of the polymer particles was 0.35 *im. The surfactant content of the aqueous dispersion 
was 0.005 wt%. 



Examplp 2A 

[0087] After loading 360 parts of distilled water, 1 5 parts of styrene and 5 parts of methacrylic acid in a 4-necked 
polymerization flask, the mixture was heated to 70°C while purging with nitrogen gas, at which point 20 parts of a 5% 
aqueous ammonium persulfate solution was added and first stage polymerization was carried out for one hour. Next, 
an emulsion prepared by combining 50 parts of styrene, 30 parts of 55% purity divinylbenzene (with the remainder 
ethylvinyibenzene) and 0.5 part of a surfactant (potassium dodecylbenzenesutfonate) with 40 parts of distilled water 
was continuously added thereto over a period of 2 hours and polymerization was continued for 3 hours, to obtain an 
aqueous dispersion containing spherical polymer particles composed of styrene/methacrylic acid/divinylbenzene 
copolymer. The total solid portion of the aqueous dispersion was 19.4 wt%, and the mean particle size of the polymer 
particles was 0.35 urn. The surfactant content of the aqueous dispersion was 0.1 wt%. 
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Exqmplfr 3A 

[0088] After polymerization in the same manner as Example 2A, 3 parts of methyl methacrylate and 2 parts of 
methacrylic acid were added while maintaining a temperature of 70°C, and polymerization was carried out for 2 hours 
5 to obtain an aqueous dispersion containing spherical polymer particles having carboxyl groups introduced as 
hydrophilic groups in the polymer on the particle surfaces. The total solid portion of the aqueous dispersion was 20.2 
wt%, and the mean particle size of the spherical polymer particles was 0.36 urn. The surfactant content of the aqueous 
dispersion was 0.1 wt%. 

10 Comparative Example 1 A 

[0089] An aqueous dispersion containing spherical polymer particles composed of styrene/methacrylic acid/methyl 
methacrylate copolymer was obtained in the same manner as Example 2, except that 30 parts of methyl methacrylate 
was used instead of the 55% purity divinylbenzene in Example 2A. The total solid portion of the aqueous dispersion 
is was 19.4 wt%, and the mean particle size of the spherical polymer particles was 0.35 \m. The surfactant content of the 
aqueous dispersion was low at 0.1 wt%. However, there was a problem in that since the polymer particles had no 
crosslinked structure they exhibited poor heat resistance, while their solvent resistance was also inadequate, and it was 
not possible to achieve a sufficient polishing rate due to the low hardness of the polymer particles when the aqueous 
dispersion was used as a polishing material. 

20 

Comparative Example 2A 

[0090] After loading 800 parts of distilled water in which 20 parts of a surfactant (sodium dodecylbenzenesulfonate) 
had been dissolved, 65 parts of styrene, 30 parts of 55% purity divinylbenzene (with the remainder ethylvinylbenzene) 

25 and 5 parts of methacrylic acid in a 4-necked polymerization flask, the mixture was heated to 70°C while purging with 
nitrogen gas, at which point 20 parts of a 5% aqueous ammonium persulfate solution was added and polymerization 
was carried out for 4 hours to obtain an aqueous dispersion containing spherical polymer particles composed of sty- 
rene/methacrylic acid/divinylbenzene copolymer. The total solid portion of the aqueous dispersion was 1 1.0 wt%, and 
the mean particle size of the polymer particles was 0.05 Jim. The surfactant content of the aqueous dispersion was high 

30 at 2.2 wt%. Consequently, when this aqueous dispersion was used as a polishing material, foaming made it difficult to 
handle and the polishing rate was also low. 

(2) Chemical mechanical polishing of tungsten working film 

35 [0091 ] A substrate prepared by forming a 5000-angstrom thick tungsten film by sputtering on the surface of a silica 
film formed on a silicon substrate was set in a chemical mechanical polishing device (Model "EPO-113", product of 
Ebara Laboratories, Co., Ltd.), and a porous polyurethane polishing pad was used for polishing with a load of 150 g/cm 2 . 
To the urethane pad surface there was supplied a CMP slurry prepared by adding an aqueous iron nitrate solution and 
water to the each aqueous dispersion of Example 1 A, 2 A, 3 A and Comparative Example 1 A, 2A, with the polymer par- 

40 tide concentration adjusted to 3 wt% and the iron nitrate concentration to 3 wt%, at a rate of 200 ctfmin. 

[0092] The thickness of the tungsten film of the polished, washed and dried substrate was measured with an elec- 
tric conducting film thickness meter, and the polishing rate was calculated. And a summary of these results is shown in 
Table 1 . After the silica film formed on the silicon substrate was polished, washed and dried under the same conditions, 
no scratches were detected in all cases upon measurement of the scratches with a KLA (Model "KLA21 1 2", product of 

45 KLA Tencor Corp.). 

(3) Polishing of magnetic disk plate 
Experimental Examples 1 B-gB 

50 

[0093] Water was used for dilution of the polymer particles in the aqueous dispersion obtained in Examples 1 A to 
5 wt% concentration, and then aluminum nitrate was added to the dilution as a polishing accelerator to a 5 wt% con- 
centration to obtain a polishing materia). For comparison, polishing materials were also prepared with the same com- 
position but containing 5 wt% of colloidal silica (trade name: "Snowtex 20", product of Nissan Chemical Industries, 
55 Co., Ltd.) or fumed silica (trade name: "Aerosil #90", product of Nihon Aerosii, CO., LTD.). 

[0094] These polishing materials were used for polishing of a Ni-P electroless plated 3.5-inch aluminum magnetic 
disk plate (already subjected to one step of polishing), and the polishing rates and condition of polishing scratches were 
evaluated. 
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{Polishing conditions) 
[0095] 

5 Polymer device: Model "LM-1 5C" by Lapmaster SFT CO..LTD. 

Polishing pad: Trade name: "Polytex DG", by Rodel Corp.(U.S.) 

Working load: 70 g/cm 2 

Plate rotation speed: 50 rpm 

Polishing material supply rate: 15 ml/mi n. 
10 Polishing time: 10 minutes 

(Evaluation method) 

[0096] 

15 

Polishing rate: The polishing rate was determined by the following equation, based on the weight reduction of the 
disk by polishing. 

Polishing rate (nm/min) = [(W/d)/S] x 10 7 

20 

W = disk weight reduction per minute 
d ■ Ni-P electroiess plating density 
S = polishing wafer surface area 

25 Polishing scratches: After washing and drying of the polished disk, it was placed under a spotlight in a dark room 
and the presence or absence of scratches was visually observed. 

[0097] The results of the evaluation are shown in Table 1 . 

30 (4) Wafer polishing 

[0098] Table 1 shows a summary of the test results for the examples and comparative examples described below. 
Example 1C [Production of CMP slurry containing crosslinked polymer particles] 

35 

[0099] After loading 576 parts of distilled water, 0.5 part of a nonionic surfactant (trade name "Triton X-1 00", product 
of Rohm and Haas Corp.) and 1.0 part of 2,2'-azobis(2-methylpropionitrile) (trade name "V-60", product of Wako Pure 
Chemical Industries, Ltd.) in a 4-necked polymerization flask, the mixture was stirred for 10 minutes to complete disso- 
lution. Addition of 100 parts of styrene was then followed by 5 minutes of stirring while purging the flask with N 2 gas. 

40 [0100] Reaction was then carried out at 70°C for 12 hours, and after cooling to room temperature, the solution was 
filtered and the aggregates were removed to obtain an aqueous dispersion containing styrene polymer particles. The 
total solid portion of the aqueous dispersion was 14.2%. After then loading 70 parts of the aqueous dispersion, 929 
parts of distilled water and 1 .0 part of ammonium persuifate into a flask, the mixture was stirred for 10 minutes to dis- 
solve the ammonium persuifate. Next, 90 parts of styrene and 10 parts of divinylbenzene were added, and stirring was 

45 continued for 5 minutes while purging the flask with N 2 gas. Reaction was then carried out at 70°C for 12 hours, and 
after cooling to room temperature, the mixture was filtered and the aggregates were removed to obtain an aqueous dis- 
persion containing spherical polymer particles composed of styrene/divinylbenzene copolymer. The total solid portion 
of the aqueous dispersion was 9.6%, and the mean particle size of the polymer particles was 0.35 Jim. 

50 Example 2C (Chemical mechanical polishing of tungsten working film) 

[01 01 ] A substrate prepared by forming a 5000-angstrom thick tungsten film by sputtering on the surface of a silica 
film formed on a silicon substrate was set in a chemical mechanical polishing device (Model "EPO-113", product of 
Ebara Corp.), and a porous polyurethane polishing pad was used for polishing with a load of 1 50 g/cm 2 . To the urethane 
55 pad surface there was supplied a CMP slurry prepared by adding an aqueous iron nitrate solution and water to the 
aqueous dispersion of Example 1C, with the polymer particle concentration adjusted to 3 wt% and the iron nitrate con- 
centration to 3 wt%, at a rate of 200 cc/min. 

[0102] The thickness of the tungsten film of the polished, washed and dried substrate was measured with an elec- 
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trie conducting film thickness meter, and the polishing rate was calculated. As a result it was determined that the pol- 
ishing rate was 900 angstroms/min. After the silica film formed on the silicon substrate was polished, washed and dried 
under the same conditions, no scratches were detected upon measurement of the scratches with a KLA (Model 
"KU\21 12", product of KLA Tencor Corp.). 

5 

Comparative Example 1C [Production of CMP slurry containing non-crosslinked polymer particles] 

[0103] After loading 600 parts of distilled water, 0. 1 part of ammonium lauryl sulfate and 0.6 part of ammonium per- 
sulfate in a 4-necked polymerization flask, the mixture was stirred for 1 0 minutes to complete dissolution. This was fol- 

w lowed by addition of 100 parts of styrene, and then 5 minutes of stirring while purging the flask with N 2 gas. 

[0104] After reaction at 80°C for 4 hours the solution was cooled to room temperature, after which the solution was 
filtered and the aggregates were removed to obtain an aqueous dispersion containing styrene polymer particles. The 
total solid portion of the aqueous dispersion was 14.4%. The mean particle size of the spherical polymer particles was 
0.39 jim. To 100 parts of this aqueous dispersion there was then added 44 parts of ion-exchange water to make an 

is aqueous dispersion with a total solid portion of 1 0%. 

Comparative Example 2C (Chemical mechanical polishing of tungsten working film) 

[0105] A tungsten working film was subjected to chemical mechanical polishing in the same manner as Example 
20 2C, except that the aqueous dispersion for chemical mechanical polishing used was prepared by adding an aqueous 
iron nitrate solution and water to the aqueous dispersion obtained in Comparative Example 1C with the polymer particle 
concentration adjusted to 3 wt% and the iron nitrate concentration to 3 wt%. the load was 300 g/cm 2 and the rotational 
polishing rate was 100 rpm. As a result, the polishing rate as calculated in the same manner as Example 2C was 600 
angstroms/min. After a silica film formed on the silicon substrate was polished, washed and dried under the same con- 
25 ditions, the scratches were measured in the same manner as Example 2C, and no scratches were detected. 

Comparative Example 3C [Production of CMP slurry containing non-crosslinked polymer particles] 

[0106] After loading 400 parts of distilled water, 0.1 part of ammonium lauryl sulfate and 0.6 part of ammonium per- 
30 sulfate in a 4-necked polymerization flask, the mixture was stirred for 10 minutes to complete dissolution. This was fol- 
lowed by addition of 9.5 parts of styrene and 0.5 part of methacrylic acid, and then 5 minutes of stirring while purging 
the flask with N 2 gas. 

[01 07] After reaction at 75°C for 2 hours, a mixture of 88 parts of styrene and 2 parts of methacrylic acid was added 
dropwise to the flask over 3 hours, and after completion of the dropwise addition, reaction was carried out at 75°C for 
35 3 hours and the solution was cooled to room temperature, after which the solution was filtered and the aggregates were 
removed to obtain an aqueous dispersion containing styrene/methacrylic acid copolymer particles. The solid portion of 
the aqueous dispersion was 19.9%. The mean particle size of the spherical polymer particles was 0.283 jim. To 100 
parts of this aqueous dispersion there was then added 99 parts of ion-exchange water to make an aqueous dispersion 
with a total solid portion of 10%. 

40 

Comparativ e Example 4C (Chemical mechanical polishing of tungsten working film) 

[0108] A tungsten working film was subjected to chemical mechanical polishing in the same manner as Example 
4C, except that the aqueous dispersion for chemical mechanical polishing used was prepared by adding an aqueous 
45 iron nitrate solution and water to the aqueous dispersion obtained in Comparative Example 3C with the polymer particle 
concentration adjusted to 3 wt% and the iron nitrate concentration to 3 wt%. As a result, the polishing rate as calculated 
in the same manner as Example 2C was 40 angstroms/min. After a silica film formed on the silicon substrate was pol- 
ished, washed and dried under the same conditions, the scratches were measured in the same manner as Example 
2C, and no scratches were detected. 

50 

Comparativ e Example 5C [Production of CMP slurry containing inorganic particles] 

[0109] Six kg of fumed silica (trade name "Aerosil #50", product of Nihon Aerosil, CO., LTD ) was continuously 

added over a period of 30 minutes to 8 kg of distilled water in a planetary-type kneader (Model "TK Hibis Dispermix 
55 HDM-3D-20, product of Tokushu Kika Kbgyo Ca.Ltd.) having the liquid-contacting sections of the stirrer and container 
coated with a urethane resin, while kneading by rotation of a twisting blade at 10 rpm for the main rotating axis and 30 
rpm for the secondary rotation axis. This was followed by one hour of simultaneously performing a kneading procedure 
whereby the twisting blade was rotated at a secondary rotation axis speed of 30 rpm with a total solid portion of 43% 
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and dispersion treatment whereby an 80-mm diameter Cores high-speed rotating blade was rotated at a secondary 
rotation axis speed of 2000 rpm, with a main rotation axis speed of 10 rpm for both. 

[011 0] The resulting slurry was diluted with ion-exchange water to obtain an aqueous colloid containing silica at a 
total solid portion of 30%. This was then treated with a depth cartridge filter with a pore size of 1 urn to remove the 
s coarse grains. The mean particle size of the secondary particles of silica in the aqueous dispersion was 0.23 urn. 

Comparative Example 6C (Chemical mechanical polishing of tungsten working film) 

[011 1] A tungsten working film was subjected to chemical mechanical polishing in the same manner as Example 
10 2C, except that the aqueous dispersion for chemical mechanical polishing used was prepared by adding an aqueous 
iron nitrate solution and water to the aqueous dispersion obtained in Comparative Example 5C with the polymer particle 
concentration adjusted to 3 wt% and the iron nitrate concentration to 3 wt%. As a result, the polishing rate as calculated 
in the same manner as Example 2C was 1800 angstroms/min. After a silica film formed on the silicon substrate was 
polished, washed and dried under the same conditions, the scratches were measured in the same manner as Example 
is 2C, and 426 scratches were detected. 

Comparative Example 7C [Production of CMP slurry containing inorganic particlesj 

[0112] An aqueous dispersion was obtained in the same manner as Comparative Example 5C, except that fumed 
20 alumina ("Aluminium Oxide C", trade name of Degussa AG) was used instead of fumed silica. The mean particle size 
of the alumina in the aqueous dispersion was 0.16 Jim. 

Comparative Example 8C (Chemical mechanical polishing of tungsten working film) 

25 [0113] A tungsten working film was subjected to chemical mechanical polishing in the same manner as Example 
2C, except that the aqueous dispersion for chemical mechanical polishing used was prepared by adding an aqueous 
iron nitrate solution and water to the aqueous dispersion obtained in Comparative Example 7C with the polymer particle 
concentration adjusted to 3 wt% and the iron nitrate concentration to 3 wt%. As a result, the polishing rate as calculated 
in the same manner as Example 2C was 2300 angstroms/min. After a silica film formed on the silicon substrate was 

30 polished, washed and dried under the same conditions, the scratches were measured in the same manner as Example 
2C, and 2083 scratches were detected. 

Example 3C (Production of CMP slurry containing crosslinkable polymer particles) 

35 [0114] After loading 400 parts of distilled water, 0.02 part of a cationic emulsifier ("Coatamine 24P", trade name of 

Kao, CO., LTD ), 20 parts of methyl methacrylate and 4 parts of an azo-based polymerization initiator ("V50", trade 

name of Wako Pure Chemical Industries, Ltd.) in a 4-necked polymerization flask, the mixture was heated to 70°C while 
stirring under a nitrogen gas atmosphere, for 2 hours of polymerization. This was followed by continuous addition of 72 
parts of methyl methacrylate and 8 parts of divinylbenzene over a period of 3 hours, and continued polymerization at 

40 80°C for 3 hours. After then cooling to room temperature, the solution was filtered and the aggregates were removed to 
obtain an aqueous dispersion containing methyl methacrylate polymer particles with amino groups on the particle sur- 
faces. The total solid portion of the aqueous dispersion was 1 9.9%. The mean particle size of the spherical polymer par- 
ticles was 0.38 urn. 

45 Example 4C (Chemical mechanical polishing of copper working film) 

[0115] Various additives were combined with the aqueous dispersion obtained in Example 3C to a polymer particle 
concentration of 5 wt%, with hydrogen peroxide added at 0.3 wt% and 7-hydroxy-5-methyl-1 ,3,4-triazaindazoline added 
at 0.1% as a planarizing agent, and the mixture was adjusted to pH 8.5 with KOH, to obtain an aqueous dispersion for 

so chemical mechanical polishing. 

[011 6] When a patterned copper film wafer SKW6-2 (product of SKW Associates) was polished under conditions 
with an IC1000/SUBA400 (product of Rodel-Nitta, Ca.Lid.) as the polishing pad and using an EPO-113 chemical 
mechanical polishing device (product of Ebara Corp.) while supplying the aforementioned aqueous dispersion for 
chemical mechanical polishing at 200 ml/min and with a pressure of 300 g/cm 2 , the polishing rate was 5900 ang- 

55 stroms/min. The dishing with a 100 micron wiring width at the exact point was 600 angstroms, and the 90% density ero- 
sion at a 5 micron pitch was also satisfactory at 550 angstroms. 

[0117] Upon polishing under conditions of 50% overpolishing, the dishing with a 100 micron wiring width was 900 
angstroms and the 90% density erosion at a 5 micron pitch was 820 angstroms, and therefore the overpolishing margin 
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was also satisfactory. 

Comparative Example 9C (Chemical mechanical polishing of copper working film by CMP slurry containing silica parti- 
cles) 

[0118] Polishing was performed in the same manner as Example 10C, except that the fumed silica prepared in 
Comparative Example 3C was added at 5% instead of the polymethyl methacrylate particles with amino groups in the 
CMP slurry used for Example 10C. 

[01 19] As a result, the polishing rate was relatively low at 2900 angstroms/mi n and the dishing with a 1 00 micron 
wiring width at the exact point was 1900 angstroms, while the 90% density erosion at a 5 micron pitch was a poor level 
of 2200 angstroms. 

(5) Effect of the examples 

[0120] According to the results shown in Table 1 , the each CMP slurries and the each polishing methods of Exam- 
ples 1A-3A, Experimental Example 1 B and Examples 1C-4C contained low amounts of surfactant impurities, and also 
gave excellent polishing rates. They also produced fewer polishing scratches and allowed higher quality polishing than 
the polishing by means of the CMP slurries containing inorganic particles (Comparative Examples 6C, 8C). Superior 
polishing results were also achieved for all of the working metal surfaces of nickel (Experimental Example 1 B), tungsten 
(Examples 1A, 2 A, 3A, and 2C) and copper (Example 4C). 

[0121] When the surfactant concentration was high as in Comparative Examples 2A and Comparative Examples 
4C, this has presented the problem of a vastly reduced polishing rate. 

[01 22] With the CMP slurry employing the aqueous dispersion of Example 1 A (Experimental Example 1 B), the pol- 
ishing rate was high and absolutely no polishing scratches were detected. On the other hand, with the CMP slurries 
containing inorganic particles (Experimental Examples 2B, 3B), the polishing rates were adequate but numerous pol- 
ishing scratches of considerable size were detected, thus demonstrating a problem in practical terms. 

[II] In case of containing polymer particles and inorganic particles 

[0123] Table 2 shows a summary of the test results for Examples 2D, 4D, 6D, 8D, 10D, 12D and 14D and Compar- 
ative Examples 2D, 4D, 6D, 8D, 10D and 12D (the sizes of the particles used, the Sp/Si ratio and evaluation of the pol- 
ishing performance). 

(l)Production of aqueous dispersion (CMP slurry) and the polishing performance 
Production E xample 1D [Production of aqueous dispersion containing polymer particles] 

[01 24] After loading 576 parts of distilled water, 2.0 parts of a non-ionic surfactant (trade name Triton X-1 00", prod- 
uct of Rohm and Haas Corp.) and 1.0 part of 2,2 , -azobis(2-methylpropionitrile) (trade name "V-60", product of Wako 
Pure Chemical Industries, Ltd.) in a 4-necked polymerization flask, 



Table 2 



Example/ 
Comp.Ex. No. 


Polymer etc. 


Polymer Parti- 
cle size (urn) 


Inorganic Par- 
ticle size (jim) 


Sp/Si rate 


Polishing rate 
(A/min) 


Scratches (no.) 


Ex.2D 


ST/DVD 


0.15 


0.24 


0.63 


1600 (W) 


42 


Ex.4D 


ST/DVD 


0.15 


0.18 


0.83 


3100 (W) 


77 


Ex.6D 


ST/MMA 


0.183 


0.24 


0.76 


1700 (W) 


44 


Ex.8D 


ST/MMA 


0.239 


0.18 


1.33 


4300 (W) 


18 


Ex.10D 


ST 


0.39 


0.24 


1.63 


2000 (W) 


30 


Ex.1 2D 


ST/MMA 


0.183 


0.24 


0.76 


4500 (Cu) 


800 A (D) 
700 A (E) 
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Table 2 (continued) 



Example/ 
Comp.Ex. No. 


Polymer etc. 


Polymer Parti- 
cle size (\im) 


Inorganic Par- 
ticle size ftim) 


Sp/Si rate 


Polishing rate 
(A/min) 


Scratches (no.) 


Ex.14D 


ST/MMA 


0.183 


0.24 


0.76 


3900 (Al) 


600 A (D) 
550 A (E) 


Ex.16D 


ST 


0.34 


0.24 


1.42 


3200 (W) 


3 


Comp.Ex. 2D 


Silica sol 


0.15 


0.01-0.02 


7.5-15 


950 (W) 


8 


Comp.Ex. 4D 


Alumina sol 


0.239 


0.01-0.02 


12-24 


I 900 (W) 


12 


Comp.Ex. 6D 


Silica 




0.24 




1900 (W) 


646 


Comp.Ex. 8D 


Alumina 




0.18 




2500 (W) 


2332 


Comp.Ex. 10D 


Silica 




0.24 




1200 (Cu) 


2800 A (D) 
1800 A (E) 


Comp.Ex.12D 


Alumina 
(humed) 




0.18 




670 (Al) 


1800 A (D) 
1400 A (E) 



the mixture was stirred for 10 minutes to complete dissolution. Addition of 100 parts of styrene was then followed by 5 
minutes of stirring while purging the flask with N 2 gas. 

[0125] Reaction was then earned out at 70°C for 12 hours, and after cooling to room temperature, the solution was 
25 filtered and the aggregates were removed to obtain an aqueous dispersion containing styrene polymer particles. The 
solid portion of the aqueous dispersion was 14.2%. After then loading 70 parts of the aqueous dispersion, 929 parts of 
distilled water and 1.0 part of ammonium persulfate into a flask, the mixture was stirred for 10 minutes to dissolve the 
ammonium persulfate. And then, 90 parts of styrene and 10 parts of divinylbenzene were added, and stirring was con- 
tinued for 5 minutes while purging the flask with N 2 gas. Reaction was then carried out at 70°C for 12 hours, and after 
30 cooling to room temperature, the mixture was filtered and the aggregates were removed to obtain an aqueous disper- 
sion containing globular polymer particles composed of styrene/divinylbenzene copolymer. The mean particle size of 
the polymer particles was 0.15 jim. 

Production Example 2D [Production of aqueous dispersion composition containing inorganic particles] 

35 

[0126] Twenty kg of fumed silica (trade name "Aerosil #50", product of Nihon Aerosil, Co.,Ltd.) was continuously 
added to 27 kg of distilled water in a planetary-type kneader (Model TK Hibis Dispermix HDM-3D-20, product of 
Tokushu Kika Kogyo Co., Ltd.) having the liquid-contacting sections of the stirrer and container coated with a urethane 
resin, while kneading by rotation of a twisting blade at 18 rpm for the main rotating axis and 36 rpm for the secondary 
40 rotation axis. This was followed by one hour of simultaneously performing a kneading procedure whereby the twisting 
blade was rotated at a secondary rotation axis speed of 54 rpm with a total solid portion of 43% while, and dispersion 
treatment whereby an 80-mm diameter Cores high-speed rotating blade was rotated at a secondary rotation axis speed 
of 2700 rpm, with a main rotation axis speed of 10 rpm for both. 

[0127] The resulting slurry was diluted with ion-exchange water to obtain an aqueous colloid containing silica at a 
45 total solid portion of 30%. This was then treated with a depth cartridge filter with a pore size of 1 y,m to remove the 
coarse grains. The mean particle size of the secondary particles of silica in the aqueous dispersion was 0.24 jim. 

Example 1D (Preparation of CMP slurry) 

so [0128] A mixture of 100 parts of the polymer particle aqueous dispersion obtained in Production Example 1D, 100 
parts of the silica aqueous dispersion obtained in Production Example 2D, 100 parts of a 20% aqueous iron (III) nitrate 
solution and 700 parts of ion-exchange water was stirred to obtain an aqueous dispersion composition for chemical 
machine polishing to be used for wafer manufacture. 

55 Example 2D (Chemical machine polishing of tungsten working film) 

[0129] A substrate prepared by forming a 5000-angstrom thick tungsten film by CVD on the surface of a silica film 
formed on a silicon substrate was set in a chemical machine polishing device (Model "EPO-113", product of 
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Ebara_Corp.), and a porous polyurethane polishing pad was used for polishing with a load of 250 g/cm 2 . The urethane 
pad surface was subjected to 3 minutes of polishing at 30 rpm while supplying the aqueous dispersion composition of 
Example 1 at a rate of 200 cc/min. 

[01 30] The thickness of the tungsten film of the polished, washed and dried substrate was measured with an elec- 
tric conducting film thickness meter, and upon calculation of the polishing rate it was determined that polishing had 
been performed at a rate of 1600 angstroms/min. The silicon film formed on the silicon substrate was polished, washed 
and dried under the same conditions, and 42 scratches were detected with a KLA (Model "KLA2112", product of KLA 
Tencor Corp.). 

Production Example 3D [Production of aqueous dispersion composition containing inorganic particles] 

[0131] An aqueous dispersion with a 30% total solid portion was obtained in the same manner as Production 
Example 2D, except that 1 7 kg of fumed alumina (trade name "Aluminum Oxide C, product of Degussa AQ) was used 
instead of fumed silica. The mean particle size of the alumina in the aqueous dispersion composition was 0.18 frim. 

Example 3D (Preparation of aqueous dispersion composition for chemical machine polishing) 

[0132] A mixture of 100 parts of the polymer particle aqueous dispersion obtained in Production Example 1, 150 
parts of the alumina aqueous dispersion obtained in Production Example 2D, 100 parts of a 20% aqueous iron (III) 
nitrate solution and 650 parts of ion-exchange water was stirred to obtain a CMP slurry to be used for wafer polishing. 

Example 4D (Chemical machine polishing of tungsten working film) 

[01 33] The CMP slurry obtained in Example 3D was used for chemical machine polishing of a tungsten working f flm 
in the same manner as Example 2D, except that the load was 300 g/cm 2 and the rotational polishing rate was 100 rpm. 
As a result, the polishing rate as calculated in the same manner as Example 2D was 3100 angstroms/min. A silicon film 
formed on the silicon substrate was polished, washed and dried under the same conditions, and 77 scratches were 
detected in the same manner as Example 2D. 

Production Example 4D [Production of aqueous dispersion composition containing polymer particles] 

[0134] After loading 400 parts of distilled water, 0.1 parts of ammonium lauryi sulfate and 0.6 parts of ammonium 
persulfate in a 4-necked polymerization flask, the mixture was stirred for 10 minutes to complete dissolution. This was 
followed by addition of 8.5 parts of styrene and 1 .5 parts of methacrylic acid, and then 5 minutes of stirring while purging 
the flask with N 2 gas. 

[01 35] After reaction at 75°C for 2 hours, a mixture of 88 parts of styrene and 2 parts of methacrylic acid was added 
dropwise to the flask over 3 hours, and after completion of the dropwise addition, reaction was carried out at 75°C for 
3 hours and the solution was cooled to room temperature, after which the solution was filtered and the aggregates were 
removed to obtain aqueous dispersion containing styrene/methacrylic acid copolymer particles. The solid portion of the 
aqueous dispersion was 19.8%. The mean particle size of the globular polymer particles was 0.183 >im. 

Example 5D (Preparation of CMP slurry) 

[0136] After mixing 100 parts of the silica aqueous dispersion obtained in Production Example 2D, 167 parts of 
hydrogen peroxide and 658 parts of ion-exchange water with 75 parts of the polymer particle aqueous dispersion 
obtained in Production Example 4D. 

Example 6D (Chemical machine polishing of tungsten working film) 

[01 37] The CMP slurry obtained in Example 5D was used for chemical machine polishing of a tungsten working film 
in the same manner as Example 4D. As a result, the polishing rate as calculated in the same manner as Example 2D 
was 1 700 angstroms/min. A silica film formed on the silicon substrate was polished, washed and dried under the same 
conditions, and 44 scratches were detected in the same manner as Example 2D. 

Production Example 5D [Production of aqueous dispersion containing polymer particles] 

[0138] An aqueous dispersion containing styrene/methacrylic acid copolymer particles was obtained in the same 
manner as Production Example 4D, except that the loading amounts of the styrene and methacrylic acid in the first step 
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were 9.5 parts and 0.5 parts, respectively. The solid portion of the aqueous dispersion was 19.5%. The mean particle 
size of the globular copolymer particles was 0.239 urn. 

Example 7D (Preparation of CMP slurry) 

5 

[0139] After mixing 150 parts of the alumina aqueous dispersion obtained in Production Example 3D, 100 parts of 
a 20% aqueous iron (III) nitrate solution and 700 parts of ion-exchange water with 50 parts of the polymer particle aque- 
ous dispersion obtained in Production Example 5D, the mixture was stirred to obtain an aqueous dispersion composi- 
tion for chemical machine polishing to be used for wafer polishing. 

10 

Example 8D (Chemical machine polishing of tungsten working film) 

[0140] The CMP slurry obtained in Example 7D was used for chemical machine polishing of a tungsten working film 
in the same manner as Example 4D. As a result, the polishing rate as calculated in the same manner as Example 2D 
is was 4300 angstroms/min. A silica film formed on the silicon substrate was polished, washed and dried under the same 
conditions, and 18 scratches were detected in the same manner as Example 2D. 

Production Example 6D [Production of aqueous dispersion containing polymer particles] 

20 [0141] After loading 600 parts of distilled water, 0.1 parts of ammonium lauryl sulfate and 0.6 parts of ammonium 
persulfate in a 4-necked polymerization flask, the mixture was stirred for 10 minutes to complete dissolution. This was 
followed by addition of 1 00 parts of styrene and then 5 minutes of stirring while purging the flask with N 2 gas. 
[0142] After reaction at 80°C for 4 hours the solution was cooled to room temperature, and was then filtered and 
the aggregates were removed to obtain an aqueous dispersion containing styrene polymer particles. The solid portion 

25 of the aqueous dispersion was 14.4%. The mean particle size of the globular polymer particles was 0.39 ^m. 

Example 9D (Preparation of CMP slurry) 

[0143] A mixture of 100 parts of the polymer particle aqueous dispersion obtained in Production Example 6D, 100 
30 parts of the silica aqueous dispersion obtained in Production Example 2D, 100 parts of a 20% aqueous iron (III) nitrate 
solution and 700 parts of ion-exchange water was stirred to obtain a CMP slurry to be used for wafer polishing. 

Example 10D (Chemical machine polishing of tungsten working film) 

35 [0144] The CMP slurry obtained in Example 9D was used for chemical machine polishing of a tungsten working film 
in the same manner as Example 4D. As a result, the polishing rate as calculated in the same manner as Example 2D 
was 2000 angstroms/min. A silica film formed on the silicon substrate was polished, washed and dried under the same 
conditions, and 30 scratches were detected in the same manner as Example 2D. 

40 Comparative Example 1 D (Preparation of CMP slurry) 

[0145] After mixing 150 parts of a commercially available silica sol (trade name "Snowtex O", particle size: 10-20 
nm, total solid portion: 20%, product of Nissan Chemical Industries, Ltd.), 100 parts of a 20% aqueous iron (III) nitrate 
solution and 650 parts of ion-exchange water with 100 parts of the polymer particle aqueous dispersion obtained in Pro- 
45 duction Example 1 D, the mixture was stirred to obtain an aqueous dispersion composition for chemical machine polish- 
ing to be used for wafer polishing. 

Comparative Example 2D (Chemical machine polishing of tungsten working film) 

so [0146] The CMP slurry obtained in Comparative Example 1 D was used for chemical machine polishing of a tung- 
sten working film in the same manner as Example 2D. As a result, the polishing rate as calculated in the same manner 
as Example 2D was 950 angstroms/min. A silica film formed on the silicon substrate was polished, washed and dried 
under the same conditions, and 8 scratches were detected in the same manner as Example 2D. 

55 fomparativQ Example 3D (Preparation of CMP slurry) 

[0147] After mixing 150 parts of a commercially available alumina sol (trade name "A]uminasol-520'\ particle size: 
10-20 nm, total solid portion: 21%, product of Nissan Chemicals, Industries, Ltd.), 100 parts of a 20% aqueous iron (III) 
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nitrate solution and 700 parts of ion-exchange water with 50 parts of the polymer particle aqueous dispersion obtained 
in Production Example 5D, the mixture was stirred to obtain an aqueous dispersion composition for chemical machine 
polishing to be used for wafer polishing. 

5 Comparative Example 4D (Chemical machine polishing of tungsten working film) 

[0148] The CMP slurry obtained in Comparative Example 3D was used for chemical machine polishing of a tung- 
sten working film in the same manner as Example 4D. As a result, the polishing rate as calculated in the same manner 
as Example 2D was 900 angstroms/min. A silica film formed on the silicon substrate was polished, washed and dried 
10 under the same conditions, and 1 2 scratches were detected in the same manner as Example 2D. 

Comparative Example 5D (Preparation of CMP slurry) 

[0149] A mixture of 100 parts of the silica aqueous dispersion obtained in Production Example 2D, 100 parts of a 
is 20% aqueous iron (III) nitrate solution and 800 parts of ion-exchange water was stirred to obtain a CMP slurry to be 
used for wafer polishing. 

Comparative Example 6D (Chemical machine polishing of tungsten working film) 

20 [0150] The aqueous dispersion composition for chemical machine polishing obtained in Comparative Example 5D 
was used for chemical machine polishing of a tungsten working film in the same manner as Example 4D. As a result, 
the polishing rate as calculated in the same manner as Example 2D was 1900 angstroms/min. A silicon film formed on 
the silicon substrate was polished, washed and dried under the same conditions, and 646 scratches were detected in 
the same manner as Example 2D. 

25 

Comparative Example 7D (Preparation of CMP slurry) 

[0151] A mixture of 250 parts of the alumina aqueous dispersion obtained in Production Example 3D, 100 parts of 
a 20% aqueous iron (III) nitrate solution and 650 parts of ion-exchange water was stirred to obtain an aqueous disper- 
30 sion composition for chemical machine polishing to be used for wafer polishing. 

Comparative Example 8D (Chemical machine polishing of tungsten working film) 

[0152] The CMP slurry obtained in Comparative Example 7D was used for chemical machine polishing of a tung- 
35 sten working film in the same manner as Example 4D. As a result, the polishing rate as calculated in the same manner 
as Example 2D was 2500 angstroms/min. A silica film formed on the silicon substrate was polished, washed and dried 
under the same conditions, and 2332 scratches were detected in the same manner as Example 2D. 

Example 11D (Preparation of CMP slurry) 

40 

[0153] With 75 parts of the 0.183 micron styrene/MMA copolymer particle aqueous dispersion obtained in Produc- 
tion Example 4D there were combined 100 parts of the 0.24 micron silica dispersion of Production Example 2D, 10 
parts of 30% hydrogen peroxide, 10 parts of ammonium lactate and 805 parts of ion-exchange water to obtain a CMP 
slurry for copper. 

45 

Example 12D (Chemical machine polishing of copper working film) 

[0154] When the CMP slurry obtained in Example 11D was used for polishing of a patterned copper film wafer 
SKW6-2 (product of SKW Co.), the polishing rate was 4500 angstroms/min. The dishing with a 100 micron wiring width 
so at the exact point was a satisfactory level of 800 angstroms, and the 90% density erosion at a 5 micron pitch was also 
satisfactory at 700 angstroms. 

Example 13D (Preparation of CMP slurry) 

55 [0155] With 25 parts of the 0.183 micron, 20% solid portion styrene/MMA copolymer particle aqueous dispersion 
obtained in Production Example 4D there were combined 100 parts of the 0.18 micron, 30% solid portion fumed alu- 
mina dispersion of Production Example 3D and 875 parts of ion-exchange water to obtain a CMP slurry for aluminum. 
Because the average particles after mixing were aggregates of styrene/MMA copolymer particles and alumina parti- 
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cles, the mean particle size was 0.51 pm 

Example 14D (Chemical machine polishing of aluminum working film) 

[0156] When the aqueous dispersion composition for chemical machine polishing obtained in Example 13D was 
used for polishing of a 100 micron line-and-space patterned, 1 5,000-angstrom thick aluminum film wafer, the polishing 
rate was 3900 angstroms/min. The dishing with a 100 micron wiring width at the exact point was a satisfactory level of 
600 angstroms. The 90% density erosion at a 5 micron pitch was also satisfactory at 550 angstroms. 

Comparative Example 9P (Preparation of CMP slurry) 

[0157] With 100 parts of the 0.24 micron silica dispersion of Production Example 2D there were combined 10 parts 
of 30% hydrogen peroxide, 10 parts of ammonium lactate and 880 parts of ion-exchange water to obtain a CMP slurry 
for copper. 

Comparative Example 1QD (Chemical machine polishing of copper working film) 

[0158] When the aqueous dispersion composition for chemical machine polishing obtained in Comparative Exam- 
ple 9D was used for polishing of the patterned copper film wafer SKW6-2 (product of SKW Corp.), the polishing rate 
was a low level of 1200 angstroms/min. The dishing with a 100 micron wiring width at the exact point was 2800 ang- 
stroms, which is an inferior practical level. The 90% density erosion at a 5 micron pitch was also an inferior level of 1800 
angstroms. 

Comparative Example 11P (Preparation of CMP slurry) 

[0159] With 100 parts of the 0.18 micron, 30% solid portion fumed alumina dispersion of Production Example 3D 
there was combined 900 parts of ion-exchange water to obtain a CMP slurry for aluminum. 

Comparative Example 12D (Chemical machine polishing of aluminum working film) 

[0160] When the CMP slurry obtained in Comparative Example 1 1 D was used for polishing of a 1 5,000-angstrom 
thick aluminum film-formed wafer with a 1 00 micron line-and-space pattern and patterned wiring with a 90% density at 
a 5 micron pitch, the polishing rate was an impractical level of 670 angstroms/min. The dishing with a 100 micron wiring 
width at the exact point was 1800 angstroms, which is an inferior practical level. The 90% density erosion at a 5 micron 
pitch was also an inferior level of 1400 angstroms. 

Production Example 7D (Production of polymethyl methacrylate particle) 

[0161] After loading 100 parts of methyl metacrylate, 4 parts of ago compound of a polymerization initiator (trade 
name "V-50", product of Wako Pure Chemical Industries, Ltd.)and 400 parts of ion-exchange water in a flask of capacity 
of 2 liters, mixing and warming up to 70°C under the atmosphere of nitriding gas, the mixture was polymerized for 7 
hours. By the above method, polymethyl methacrylate particle of the mean particle size of 0.34 \im having amino group 
on the surface of the particles was obtained. 

Example 15D (Preparation of CMP slurry) 

[0162] After loading 50 parts of an aqueous dispersion of the polymer particle obtained in Production Example 7D, 
100 parts of the silica aqueous dispersion obtained in Production Example 2D, 10 parts of a 10% aqueous iron (III) 
nitrate solution and 20 parts of a 10% malonic acid in 920 parts of ion-exchange water, the mixture was stirred to obtain 
a CMP slurry to be used for wafer polishing. 

Example 16D (Chemical machine polishing of tungsten working film) 

[0163] The CMP slurry obtained in Example 15D was used for chemical machine polishing of a tungsten working 
film in the same manner as Example 2D. As a result, the polishing rate was 3200 angstroms/min. 3 scratches were 
detected and the number of the scratches was very low level. 
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(2) Effect of the examples . 

[0164] According to the results shown in Table 2, the CMP slurries and polishing methods of Examples 1D-16D 
gave excellent polishing rates and few numbers of scratches. Superior polishing results were also achieved for all of the 
5 working metal surfaces of tungsten (Examples 2D, 4D, 6D, 8D, 10D and 16D), copper (Example 120) and aluminum 
(Examples 14D). 

[0165] On the other hand, when a Sp/Si ratio is large (Comparative Examples 2D, 4D), polishing rates are small. 
And cases of the CMP slurries containing inorganic particles (Comparative Examples 6D, 8D, 10D.12D), the polishing 
rates were adequate but numerous polishing scratches of considerable size were detected, thus demonstrating a prob- 
10 lem in practical terms. 

It is an object of the present invention to provide an aqueous dispersion and CMP slurry that can achieve polishing at 
an adequate rate without producing scratches in the polishing surfaces of wafer working films, and a polishing process 
for wafer surfaces and a process for manufacture of a semiconductor device using them. A CMP slurry and the like of 
the present invention contains polymer particles with a crosslinked structure and a mean particle size of 0.13-0.8 iim. 

is The CMP slurry may contain be no surfactant, and may contain the surfactant of not greater than 0.15 wt%. A CMP 
slurry and the like of another present invention contains polymer particles and inorganic particles of silica, aluminum 
and the like, a mean particle size of the polymer particles may be not greater than a mean particle size of the inorganic 
particles. And the mean particle size of the inorganic coagulated particles may be 0.1 -1 .0 and may be smaller than 
the mean particle size of the polymer particles. The CMP slurry is used as a polishing agent and a working film of a 

20 silicon oxide film, an aluminum film, a tungsten film or a copper film formed on a wafer is polished. And a semiconductor 
device is manufactured by using the CMP slurry. 

Claims 

25 1 . An aqueous dispersion characterized by containing polymer particles with a crosslinked structure and a mean par- 
ticle size of 0. 1 3-0.8 p,m. 

2. An aqueous dispersion according to Claim 1 , wherein said polymer is produced by copolymerization of 5-80 wt% 
of a crosslinkable monomer and 20-95 wt% of another monomer. 

30 

3. An aqueous dispersion according to Claim 2, wherein a surfactant is also contained , and said surfactant content 
is no greater than 0.15 wt%. 

4. An aqueous dispersion according to Claim 2, wherein said polymer particles have a hydrophilic group. 

35 

5. An aqueous dispersion according to Claim 4, wherein said hydrophilic group is at least one from among hydroxy!, 
carboxyl groups and salts thereof, acid anhydride groups, sulfonic acid groups and salts thereof, phosphoric acid 
groups and salts thereof, and amino groups and salts thereof. 

40 6. An aqueous dispersion according to Claim 2, wherein further an oxidizing agent and/or a polyvalent metal ion is 
also included. 

7. An aqueous dispersion, characterized by containing polymer particles and inorganic particles, wherein a mean par- 
ticle size of said polymer particles is not more than a mean particle size of said inorganic particles. 

45 

8. An aqueous dispersion according to Claim 7, wherein said mean particle size of said polymer particles is at least 
0.1 jim and less than 0.7 \im, said mean particle size of said inorganic particles is greater than 0.1 jim and no 
greater than 0.7 jim, and a ratio of said mean particle size of said polymer particles and said mean particle size of 
said inorganic particles (Sp/Si ratio) is 0.05-0.85. 

50 

9. An aqueous dispersion, characterized by containing polymer particles and inorganic particles, wherein the mean 
particle size of said inorganic particles is 0.1-1 .0 jim, and is smaller than the mean particle size of said polymer par- 
ticles. 

55 10. An aqueous dispersion according to Claim 9, wherein a ratio of said mean particle size of said polymer particles 
(Sp) and a mean particle size of said inorganic particles (Si) (Sp/Si ratio) is 1.1-20. 

1 1 . An aqueous dispersion composition for chemical mechanical polishing, characterized by containing polymer parti- 
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cles with a crosslinked structure and a mean particle size of 0.13-0.8 jim. 

12. An aqueous dispersion composition for chemical mechanical polishing according to Claim 11, wherein said poly- 
mer is produced by copolymerization of 5-80 wt% of a crosslinkable monomer and 20-95 wt% of another monomer. 

5 

13. An aqueous dispersion composition for chemical mechanical polishing according to Claim 12, wherein a surfactant 
is further included, with the surfactant content being no greater than 0.15 wt%. 

14. An aqueous dispersion composition for chemical mechanical polishing according to Claim 13, wherein said sur- 
w fectant content is no greater than 0.05 wt%. 

15. An aqueous dispersion composition for chemical mechanical polishing according to Claim 12, wherein said poly- 
mer particles have a hydrophilic group. 

is 16. An aqueous dispersion composition for chemical mechanical polishing according to Claim 15, wherein said 
hydrophilic group is at least one from among hydroxyl, carboxyl groups and salts thereof, acid anhydride groups, 
sulfonic acid groups and salts thereof, phosphoric acid groups and salts thereof, and amino groups and salts 
thereof. 

20 1 7. An aqueous dispersion composition for chemical mechanical polishing according to Claim 1 2, wherein an oxidizing 
agent and/or a polyvalent metal ion is also included. 

18. An aqueous dispersion composition for chemical mechanical polishing according to Claim 14, wherein an organic 
acid is also included. 

25 

19. An aqueous dispersion composition for chemical machine polishing, characterized by containing polymer particles 
and inorganic particles, wherein a mean particle size of said polymer particles is not more than a mean particle size 
of said inorganic particles. 

30 20. An aqueous dispersion composition for chemical machine polishing according to Claim 19, wherein said mean par- 
ticle size of said polymer particles is not less than 0.01 jim and less than 5 jim, and said mean particle size of said 
inorganic particles is greater than 0.01 |im and not more than 5 ym. 

21. An aqueous dispersion composition for chemical machine polishing according to Claim 20, wherein said ratio of 
35 said mean particle size of said polymer particles (Sp) and said mean particle size of said inorganic particles (Si) 

(Sp/Si ratio) is 0.01-0.95. 

22. An aqueous dispersion composition for chemical machine polishing according to Claim 21 , wherein said mean par- 
ticle size of said polymer particles is not less than 0.1 jim and less than 0.7 \im, said mean particle size of said inor- 

40 ganic particles is greater than 0.1 urn and not more than 0.7 jim, and said ratio of said mean particle size of said 
polymer particles and said mean particle size of said inorganic particles (Sp/Si ratio) is 0.05-0.85. 

23. An aqueous dispersion composition for chemical machine polishing according to Claim 21 , wherein further an oxi- 
dizing agent and/or a polyvalent metal ion are/is contained. 

45 

24. An aqueous dispersion composition for chemical machine polishing according to Claim 23, which further contains 
an organic acid. 

25. An aqueous dispersion composition for chemical machine polishing, characterized by containing polymer particles 
so and inorganic particles, wherein said mean particle size of said inorganic particles is 0.1-1.0 \im t and is smaller 

than said mean particle size of said polymer particles. 

26. An aqueous dispersion composition for chemical machine polishing according to Claim 25, wherein said ratio of 
said mean particle size of said polymer particles (Sp) and said mean particle size of said inorganic particles (Si) 

55 (Sp/Si ratio) is 1.1-20. 

27. An aqueous dispersion composition for chemical machine polishing according to Claim 26, wherein said mean par- 
ticle size of said inorganic particles is 0.15-0.4 |im, and said Sp/Si ratio is 1.1-5. 
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28. An aqueous dispersion composition for chemical machine polishing according to Claim 26, which further contains 
an oxidizing agent and/or a polyvalent metal ion. 

29. An aqueous dispersion composition for chemical machine polishing according to Claim 28, which further contains 
5 an organic acid. 

30. A polishing process for wafer surfaces characterized by using an aqueous dispersion composition for chemical 
mechanical polishing that contains polymer particles with a crosslinked structure and a mean particle size of 0.13- 
0.8 fim, for polishing of a working film formed on a wafer surface. 

10 

31 . A polishing process for wafer surfaces according to Claim 30, wherein said polymer is produced by copolymeriza- 
tion of 5-80 wt% of a crosslinkable monomer and 20-95 wt% of another monomer. 

32. A polishing process for wafer surfaces according to Claim 31, wherein said surfactant content is no greater than 
15 0.05 wt%. 

33. A polishing process for wafer surfaces according to Claim 31, wherein said polymer particles have a hydrophilic 
group. 

20 34. A polishing process for wafer surfaces according to Claim 33, wherein said hydrophilic group is at least one from 
among hydroxyl, carboxyl groups and salts thereof, acid anhydride groups, sulfonic acid groups and salts thereof, 
phosphoric acid groups and salts thereof, and amino groups and salts thereof. 

35. A polishing process for wafer surfaces according to Claim 31, wherein said aqueous dispersion composition for 
25 chemical mechanical polishing also contains an oxidizing agent and/or a polyvalent metal ion. 

36. A polishing process for wafer surfaces according to Claim 35, wherein said aqueous dispersion composition for 
chemical mechanical polishing also contains an organic acid. 

30 37. A polishing process for wafer surfaces according to Claim 31 , wherein said working film is a silicon oxide f Bm, amor- 
phous silicon film, polycrystalline silicon film, single-crystal silicon film, silicon nitride film, pure tungsten film, pure 
aluminum film, pure copper film, an alloy film of tungsten, aluminum or copper with another metal, or a tantalum or 
titanium oxide or nitride film, formed on a wafer. 

35 38. A polishing process for wafer surfaces characterized by using an aqueous dispersion composition for chemical 
machine polishing which contains polymer particles and inorganic particles, wherein a mean particle size of said 
polymer particles is not more than a mean particle size of said inorganic particles, for polishing of a working film 
formed on a wafer surface. 

40 39. A polishing process for wafer surfaces according to Claim 38, wherein said mean particle size of said polymer par- 
ticles is not less than 0.01 |xm and less than 5 \m, and said mean particle size of said inorganic particles is greater 
than 0.01 jim and not more than 5 jim. 

40. A polishing process for wafer surfaces according to Claim 39, wherein said working film is a silicon oxide film, amor- 
45 phous silicon film, polycrystalline silicon film, single-crystal silicon film, silicon nitride film, pure tungsten film, pure 

aluminum film, pure copper film, an alloy film of tungsten, aluminum or copper with another metal, or a tantalum or 
titanium oxide or nitride film, formed on a wafer. 

41. A polishing process for wafer surfaces according to Claim 39, wherein said aqueous dispersion composition for 
so chemical machine polishing further contains an oxidizing agent and/or polyvalent metal ion. 

42. A polishing process for wafer surfaces according to Claim 41, wherein said aqueous dispersion composition for 
chemical machine polishing further contains an organic acid. 

55 43. A process for manufacture of a semiconductor device characterized by manufacturing a semiconductor device by 
using an aqueous dispersion composition for chemical mechanical polishing which contains polymer particles with 
a crosslinked structure and a mean particle size of 0.13-0.8 jim. 
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44. A process for manufacture of a semiconductor device polishing according to Claim 43, wherein a surfactant is fur- 
ther included, with the surfactant content being no greater than 0.15 wt%. 

45. A process for manufacture of a semiconductor device characterized by manufacturing a semiconductor device by 
using an aqueous dispersion composition for chemical mechanical polishing which contains polymer particles and 
inorganic particles, wherein a mean particle size of said polymer particles is not more than a mean particle size of 
said inorganic particles. 

46. A process for manufacture of a semiconductor device characterized by manufacturing a semiconductor device by 
using an aqueous dispersion composition for chemical mechanical polishing which contains polymer particles and 
inorganic particles, wherein said mean particle size of said inorganic particles is 0.1-1.0 and is smaller than 
said mean particle size of said polymer particles. 



27 



